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OFFICE OF SPACE SCIENCE AND APPLICATIONS

PREFACE

he 1)rog,ram of tile Otticc of Space Science and Al_)plicalions I()SSA) today may be character-

ized as a I)ro_ram in I ransititm--transition from the exhilaratin_ pace of the 1960s, through the era

ol: fexver, bt]! more sophisticated, missions of the 1970s, to the current trend toward large, complex,

Ion_-duration missions thai by lheir very nat,re re,quire a more deliberate pace. Planning, for major

missions has evolved [rom (tiscipline-sl)ecific research to a multidisciplinary approach to answerin_

major scientific questions. Our progress ()ver the last three decades has brought us to the point

where the numl)er and t)readlh ot" science and at)l)licalions disciplines depend|n{4 on OSSA resources

have arown substantiallv, and technological advancemlent has aenerated areal new opportunities

tirol carry with them increasingly complicated methodologies. Space science and applications ptan-

nin_ ix evolvin_z towar(l a new al)proach to the futme c(msoli(lat(_'(I strategies to carry out flight

research pro_zrams.

_._i he Presidential Directive (m National Space Policy, which was al)proved on January 5, 19_8,

reaffirms the lon_-standin_ call for U.S. leadershil) in space. With the number of spacefaring nat|oils

increasing, and with those nations makin_z significant inroads into all areas of space science an(]

applications, U.S. ]ea(lershil) is bein_ challenged. Lea(lershil) requires that a nation have a clear

vision of a desired future, articulated by specific _()als an(I plans, and tha! it visibly demonstrate its

accoml)lishments 1)y the achievement of those _zoals and 1)lans.

; the present environment, strategic l)lannin_ 1)t"the OSSA program has become increasin_h'

important. Integrating, priorities across research disciplines while maintainin_ a balanced pro_zram

of major, mo(lerate, an(t small missions and SUl)portin_ activities is imt)erative. In addition, plans for

usin_ the signiticanl new ()pportunities offered by the Space Station Program nltlSt he (tevelol)ed.

To estal)lish a context for (lecision-makin_, to t)rovide a common focus for all the elements ot*

OSSA's program, anti to maintain the program's vial)ility, vitality, and flexit)ility, OSSA has initiated

a strategic planning process.
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SSA has t_)rmulated a strategy that makes an appropriate contribution to achieving overall NASA

goals, and that also directs the energies of OSSA and the institutions with which OSSA collahorates

toward the realization of the specific goals and ohjectives of the disciplines within OSSA. The

strategy also must he responsive to the guidance of the NASA Administrator, Congress, and OSSA's

advisory _zroups, and to realistic projections of technology readiness, hudget allocations, launch

windows, availability of appropriate launch vehicles, and other resources.

_he strategy is constructed around five actions: (1) estahlish a set of themes: (2) estahlish a set

of decision rules; (8) establish a set of priorities for missions and programs within each theme:

(4) demonstrate thai the strategy can yield a viable program; and (,5) chuck the strategy for consistency

with resource constraints. The outcome of this process is a clear, coherent strategy that meets both

NASA's and OSSA's goals, thai assures realism in long-range planning and advanced technology

development, and that provides sufl'icient resiliency to respond and adapt to buth known and

unexpected internal and external realities.

I,. A. Fisk

Associate Administrator for

Space Science and Applications

April 6, 1988
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INTRODUCTION

National Space Policy

he National Ac_ronaulics and Space Act of 1958 established NASA's mandate to conduct

activities in space thai conlribule substantially Io lhe expansion of human knowledge and "'to the

prescrvati_m of the role of the United Slates as a leader in aerommlical and space science and

technology and in the :tptdicalion thereof to the c()nduct of peacel_d activities wilhin and outside

the atmosphere;'

:_ hree decades laler, the Presidential Directive on National Space Policy, approved on January 5,

19SS, similarly stales thai "a fundamental ohjective ,e,uidin_ United Shales space activities hlts been.

and c,mtinues to be, space leadership;'

"_', eadership in space can only he mainlained through the aclivc, continuin_ development of a

vital scientific research and applications Imam,ram, and Ihrou_,h Ihe visible and significant achieve-

ment of lhe objectives of |hal program. Accordingly, the new policy also states that some of the

overall _,oals of the United Slates civilian space pm_ram are:

To obtain scientific, technological, and economic benefits for the

general population

To im _rove the quality of life on Earth through space.related activities

To ex _and human oresence and activity beyond Earth orbit into the

solar system.

o achieve these _oals, the policy puts forth the followin/¢ objectives for civilian space activities:

To e_ rand knowledge of the Earth, its environment, the solar system,
and the universe

To create new opportunities for use of the space environment through

the conduct of appropriate research and experimentation in advanced

technology and systems

To develop space technology for civil applications and wherever
appropriate, make such technology available to the commercial sector
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To preserve the United States preeminence in critical aspects of space
science, applications, technology, and manned spaceflight

To establish a _ermanently manned vresence in space

To engage in international cooperative efforts that .further United States

space goals.

_he new policy serves to reinforce traditional OSSA goals and it signals the fact that the United

States has adopted Iong-standin_ NASA goals. Our adwmcement of technoloKy for space determines

tile horizons toward which space science and applications and the expansion of human presence

can reach. Space science land applications have ninny specific goals servinlz hoth the needs and the

curiosity of humanity. But space science itself opens new vistas of knowledge that are critical to the

pursuit of human exploration of space. Pushing the frontiers of civilization deeper and deeper into

space is simply the continuing manifestation of one of our most compelling traits-to ever explore.

Yet even here, as we step farther and farther from Earth, we also serve the objectives of science,

establishing new celestial observatories, learning to apply the environment of space to our needs,

and exploring in detail the cosmic evidence of our origin and evolution. i
OSSA Overview

_he Office of Space Science and Applications is one of the program offices of the National

Aeronautics and Space Administration. It is responsible for planning, directing, executing, and

evaluating that part of the overall NASA program that has as its goal the utilization of the unique

characteristics of the space environment to conduct a scientific study of the universe, to solve practi-

cal problems on Earth, and to provide the scientific research foundation for expanding human

presence beyond Earth into the solar system. OSSA guides its program toward leadership through

its pursuit of excellence in space science and applications across the full spectrum of disciplines.

The drive for excellence, combined with the active achievement of program goals, firmly positions

U.S. space science and applications for an exciting, productive future.

he efforts of the OSSA program result in increased knowledge tor all humanity. The scope of

these efforts ranges from the oceans and tectonic plates that make up our Earth to the upper

reaches of our atmosphere, and from our solar system to other distant galaxies. The pursuit of these

objectives results in the development of tools, techniques, and procedures that can use the vantage

point or characteristics of space to aid in the solution of major national problems and to contribute

to the economic health and development of the United States.

SSA pursues these goals through an integrated program of ground-hased lahoratory research

and experimentation; suborbital flight of instruments on airplanes, balloons, and sounding rockets:

flight of instruments on the Shuttle/Spacelah system, on commercially developed facilities, and on

the permanently manned Space Station; and the development and flight of automated Earth-orhiting

land interphmetary spacecraft. The program is conducted with the participation and support of

all the NASA Centers, other Govermnent agencies and facilities, universities throughout the

United States, and the aerospace contractor community, with substantial international participation

in many aspects of the program.
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_ he Office of Space Science and Applications includes seven progranl Divisions, each of which

emphasizes and applies a different scientific discipline to successfully accomplish OSSA's goals.

These Divisions and their roles are:

Astrophysics, which has the goals of understanding the origin and fate of the universe, and the birth

and evolution of the large variety of objects in the universe, from the most benign to the most

exotic; and of probing the flmdamental laws of physics by examining the effects of extreme physical

conditions on matter. The strategy t0r accomplishing these goals is based on contemporaneous

obserwdions across tile entire electromagnetic spectrum.

Solar System Exploration, which has the goal of understanding the tormation and current state of

all the planets in the solar system, including Earth, and of the comets and other primitive solar

system bodies.

Space Physics, which has the goals of understanding the origin, ew_lution, and interactious of par-

ticulate matter and electromagnetic fields in the upper atmospheres, ionospheres, and magnetospheres

of the Earth and other phmets: of understanding the Sun as a star and as a source of solar system

energy and materiah and of understanding tile acceleration, transport, and interactions of energetic

particles and plasmas throughout the solar system and the galaxy,.

F,arth Science and Applications, which has the goal of understandin{z the factors that influence the

Earth's etwironment and the ways in which the total environment responds to those factors. This

also involves using that knowledge to benefit humanity by predictiug, weather and storms, achiev-

ing a comprehensive understanding of ocean dynamics and processes, understanding terrestrial

ecosystems and subsurface geophysical processes, and underslandin_ the present and future chemi-

cal composition of the upper atmosphere and the influe,_ce of that composition on the long-term

behavior of climate.

Life Sciences, which has the _oal of understandin/¢ tile ori_zin, ewdulion, and distribt,tion of life

in the imiverse, tile relationship hetween a changing Earth and an evolving biota, and the elleels

of the space environment on living systems. Special emllhasis is placed on assurin_ that human

beings can function effectively and safely in space, and on utilizin_ the unique characteristics of the

spaceflight cnvironmen! to conduct fundame,atal biological and biomedical research.

Mierogravity Science and Applications, which has the goals of utilizing the unique characteristics of

the spaceflight environment to conduct basic research in physics and chemistry, with special empha-

sis on materials science: of understanding tile role of gravity in materials processing; and, where

possible, of demonstrating tile production of improved materials that have high technological utility.

Conmaunications and Information Systems, wlfich has the goals of dc_eloping technologies to assure

that the United States is in a position to make optimum use of the unique advantages of space-

based communications systenls and of identifying and applying adwmced communications and

intornmlion systems technologies to meet the unique needs of lhe space science and applications

t)rogram, the satellite communications industry, and the public sector.

more detailed discussion of ()SSA_s scientific disciplines and their individual strategies is

provided ill the Appendix.
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OSSA Goals and Objectives

U raditionally tile focus of OSSA's activities, advancing scientific knowledge of the phmet Earth,

the solar system, and the universe heyond remains a major component of OSSA's fuh, re phms.

OSSA has always directed its ener_cy toward using, the unique vantage point and environment of

Sl)ace to study the universe and to solve pr'lctical problems on Earth, and OSSA will continue to do

so. In addition, many of OSSA's current and flJture efforts will directly support NASA's goal of

expanding human presence hcyond the Earth into the solar system by providing the scientific

research foundation that is essential for planning major human initiatives. This research foundation

will he huilt I)y characterizing the surfaces of the Moon and Mars, hy assessing the potential for

using, nonterrestrial resources in space, by developing a scientific basis for understanding the

long-term effects of the space environment on human being, s, and hy developing appropriate

countermeasures to prevent or ameliorate these effects.

_SSA has estahlished a number of near-term ohjectives that will guide its plans and programs

tor the future. These i,_clude (in no order of priority):

Complete the group of astronomical facilities ("Great Observatories"),
which will observe the universe across the electromagnetic spectrum

with unprecedented resolution and sensitivity.

Complete the phase uf detailed scientific characterization for

virtually all of the solar system, including the terrestrial planets,

the primitive bodies, and at least the nearer parts of the outer

solar system.

Quantitatively characterize the physical behavior of the Sun, the

origins of solar variability, the geospace environment, and the effects

of solar processes on the Earth.

Establish a set of observing platflwms to study the Earth system on a

global scale and to determine the long-term changes that can develop

as a consequence of the interactions between the components of that
system, in order to eventually develop the capability to predict changes

that might occur, either naturally or as a result of human activity.

Determine, develop, and exploit the unique capabilities provided by

the Space Station and other space-based facilities to study the nature

of physical, chemical, and biololzical processes in a microgrravity envi-
ronment and to apply these studies to advance science and applications

in such fields as materials science, plant and animal physiology,

biotechnolngy, and fluid physics.

Develop the scientific foundation to support the planning of human

exploration beyond Earth--informatioA about the effects of low

gravity and space radiation on humans, the nature of the surfaces
of the Moon and Mars, and the potential for using nonterrestrial

resources in space.

Develop and apply advances in communications and information

systems technology to meet future needs in space science and appli-

cations, the satellite communications industry, and the public sector.
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OSSA Principles

n the coming years, ()SSA will continue to nurture the principles that have served it well in tile

past, including:

Constant emphasis on excellence and the nmintenance of U.S. scienti _'w

leadership

Basic scientific goals and strategies defined by the scienti f'w community

Use of scientific peer review in all appropriate aspects of the program

Balance among the various scientifw disciplines

Close communication with external scientific and applications

communities, particularly in the advisory process

Strong support for universities to provide essential long.term research
talents

Effective use of the NASA Centers in formulating and implementing

the OSSA program

Choice of appropriate mission approach determined by scientific and
applications requirements

Strong research foundation for space applications.

_ specially important in the past, and a major theme for the future, is the need for an increas-

ingly interdisciplinary approach to major scientific prohlems. The importance of such an approach

has hecome more compelling as the pursuit of solutions to major space research problems evolves to

transcend some of the narrow and artificial boundaries between disciplines. Such problems cannot

be solved without applying data and insights from many different fields. The future will see a

continuing application of multidisciplinary approaches to such questions as the origin of stars and

solar systems, the origin and evolution of life, the understanding of processes that cause all planets-

especially the Earth- to form and change, and the gathering of the information needed to plan

long-term human voyages beyond the Earth.

The OSSA Vision

_ SSA envisions that, at the dawn of the 21st Century, we will have successfully pushed hack the

frontiers of space to further explore and understand the universe in which we live.

_he four Great Observatories- the Hubble Space Telescope, the Gamma Ray Ohservatory, the

Advanced X-Ray Astrophysics Facility, and the Space Infrared Telescope Facility-will he operat-

ing toKether to observe the universe across the entire electromagnetic spectrum. With the information

these observatories reveal to us, we will gain a deeper understanding of our role and our place in

the universe. The revolution tha! this understanding will cause in our thinking will rival the one

that occurred when an earlier astronomer, Copernicus, showed that the Earth was not the center of

the universe. Many totally unexpected scientific discoveries will be nmde; nature, unfettered by the

limitations of human imagination, will continue to surprise us.
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Our way of thinking about uur uniqueness in the universe trill change. We will have Rood

estimates of how many stars have planetary systems and we will have an image of at least one

planet in orbit around a star other than our Sun.

Q he question of whether the universe is expanding indefinitely, or will at some time begin to

contract should have been answered. The distance scales and the rate of expansion will be known

with much better precision. Theorists, by combining data from the Great Observatories with exper-

iment results from Earth-based particle accelerators, will develop models for the origin and fate of

the universe that include unification of physical laws. Our understanding of the laws of physics will

be undergoing, revision to accommodate new insights gained from studies of relics from the creation

of the universe and from observations of matter reacting to pressures and magnetic fields uninmginable

in the vicinity of the Earth, but common near compact objects such as neutron stars and black holes.

ILJe will have determined the form of the 90 percent of the matter, currently of unknown form,

that constitutes the near an¢l fin" universe. This matter may be composed of new fundamental

particles such as "axions" and "photinos_' or of new classes of astronomical objects such as brown

dwarfs, or of unexpected concentrations of hot, pervasive gases.

g he Ol_servatories will be visited by the Space Shuttle and the Orbital Maneuvering Vehicle for

routiue servicin_ and instrument exchange, and will be taken into thermal protectors at the Space

Station for more extensive servicing,. Scientists, from workstations at their universities, will browse

astronomical data from the Observatories, and data sets with appropriate analytical software on

optical disks will be qt,ickly and conveniently accessible. The combination of data from the entire

electromagnetic spectrum will be used to build a total physical understanding of exotic phenonlena

such as quasars and supernovae. Our nation will be perceived as leading a worldwide effort to

understand the place of humanity in the universe.

Q obotic spacecraft will have flown past all the phmets and moons of our solar system, except

Pluto and Charon, sending back the images that fill the world with awe and wonder and that build

a solid foundation of scientific understanding. We will have orbited every major solar system body

that is accessible to us. The surface of Earth's sister planet Venus will have been mapped, substan-

tially augmenting the information base necessary for comparative study of the terrestrial planets:

Mercury, Venus, Earth, Mars, and the Moon. The history and future of our own planet will have

I_ecorne clearer through our increased understanding of our solar system neighbors.

Q he Moon's _lobal surface mineral and elemental composition will have been measured,

and an assessment of its resources, including a search for frozen volatiles at the poles, will have been

completed. Combined with what we have already learned about the Moon, this information will

help to prepare fnr the return of human beings to the Moon to build an outpost on which we can

explore and exploit the resources of Earth's neighbor.

_." ars, the only other phmet besides Earth with the potential for humau habitability, will

have been studied again to determine its geochemistry and climatology. These studies will help in

the development of plans fur a human expedition to Mars, a journey that will expand human

presence farther into space than it has ever been before.
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i,

e will have peered back into the early history of tile solar system by studyin_ its most primitive,

unallered bodies-comets amt asteroids. A spacecraft will have flmvn in formation with a comet,

and studied ml asteroid at close range. We will have executed solar system mission trajectories to fly

by asteroids whenever possible, to reconnoiter the resources these primitive bodies may hold.

_ ravelin_ farther into the outer solar system, we will be orbitin_ Saturn and will have released

a probe into Titan's thick, murky atmosphere, and sensed its surface with radar. In the atmosphere of

this largest moon .f Saturn, a complex process of chemical evolution has occurred and continues

to occur. Studyin_ this evolution can leach us much, for it may I)e repeating some of the earliest steps

in the processes that ted to lhe appearance of life on Earth.

_ h)ser It) home, _ve will have been receivin_ information aboul our own planet for several years

from the Earth ()bserving Systeln and a variety of other instruments in space. Combined with

ground-based measurements and observations, this information will advance our understanding of

the Earth system on at glol)al scale. We will have hegun to make l)ro_zress toward describing how

Earth's intimately ccmnected component parts and their interactions have evolved, how they func-

tion, am'l hove they may be expected to continue to evolve on all time scales. Earth system science

will be on the way to developinK the capability to predict those chan_,es that will occur in the

future, both naturally and in response to human activity.

._PI_!easurements taken over a long, continuous period of time, from the unique perspective of

low-Earth orbit, will have enabled us to begin to quantify and understand global change on our

planet. The nature and dynamics of the myriad components of fhe Earth system-core, mantle,

crust. Earth's solid surface, soils, and land masses, vegetation and forestation, oceans, cloud cover,

and the layers that comprise the atmosphere-will have been observed and measured. The infor-

mation generated will have been inte_zrated into a COml)rehensive data system that scientists can

access and use to understand and describe the global character of Earth.

Qhe knowledge gained through Earth ohservations will provide co,,ti,ming benetits to humanity.

Out" predictive ability will have brought us closer to being ahle to alleviate some of the detrimental

effects of climatoloKical and g,eological occurrences. We will have beg, un to achieve a comprehensive

understanding of ocean dynamics and processes by determining, the three-dimensional structure

of the planel's ocean currents. An improved understanding will have been gained of the coupled

chemistry and dynamics of the stralosphcrc and mesosphere, the role of solar radiation in these

processes, and the susceplihilily of the upper atmosphere to long-term changes in the concentration

and distribulion of key atmospheric constituents, particularly ozone and the greenhouse gases. By

coming to understand Earlh's present condition, l)erhaps we will have developed techniques to

safeguard its future.

_he Sun that _zives us liKht and sustains life on our phmel will have heen studied both as a star

and as the dominant source of energy, plasma, and energetic particles: we will have better deter-

mined the et]'ecls of solar processes on Earth. We will have begun 1o understand the Sun_ interior

and the origin of the s_d:u wind, and we will have flown multiple spacecraft in close coordin'ttioo to

measure the total energy lmdKet of plasma processes in Earth's mztgnelosl)here. A probe tmm Earth

will be speeding, toward the inner heliosphcre, the unexplored region between 4 and 60 radii from

the Sun where the sMar wind first flows at supersonic speeds. We will have begun to have the
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capability to predict the I)ehavior of this star, most central to the destiny of ()ur solar system an(I of

humanity. The (luantitative study of the geospace environment, the area between Earth's surface

and high-Earth orbit, will be progressing toward a full-scale predictive stage. We will be well on uur

way to understanding how the complex t)lasma phenomena in different regions of the solar system

and the Milky Way Galaxy are related to the characteristics of the larger systems themselves.

_e will know and understand the effects of long-duration spaceflight (m our most preciuus of

resources, human life. We will have completed an evolutionary study-starting with data gathered

on Skylab, to the Space Shuttle, through Spacelah, to the Space Station-of the reaction of hiologi-

cal systems, including human beings, to low gravity and space radiation. We will have determined

and developed measures to ameliorate or prevent the physiological and psychological results of

long-term exposure to the space environment, and of the relative isolation that space travel neces-

sarily imposes on our explorers.

_and in hand with academia and industry, we will have determined, developed, and begun to

exploit the unique capabilities provided by the Space Station and other space-hased facilities to

study the nature of physical and chemical processes in a microgravity environment and to apply

these studies to advance science and applications in such areas as materials science, combustion

science, medicine, hiotechnology, and fluid physics. The Space Station, an operational national

laboratory, will enable great strides in microgravity research.

Qdvanced communications technologies and information management and computational facili-

ties will he operating to support the transmission, acquisition, archiving, and analysis of the tremendous

volume of data that will be returning from instruments in space. These capabilities will be orders of

magnitude faster and more efficient than systems in use today, allowing an acceleration in progress

toward achieving our goals.

_n universities, industries, and federal laboratories, scientific research and analysis of these data

will be proceeding at a pace commensurate with our exploration. The research conducted in our

scientific laboratories will continually yield new insights to prove, disprove, or apply our theories.

The success of our space program will be a source of great national pride, and it will attract our

youth in ever-greater numbers to develop the skills and knowledge that will he needed to carry on

the program in the future. Other nations will be drawn to participate with us in our accomplish-

ments; perhal_s old rivalries will be set aside for the sake of the mutual benefits to be gained by

joining forces for scientific advancement.

_he basic I)remise of strategic planning is to develop a clear vision of a desired future; this

is OSSA's vision. The strategy for realizing this vision is necessarily ambitious, yet it is firmly

tempered to be realistic enough to succeed. Our vision sees NASA and the United States enjoying

an exciting and productive era in space science and applications, with leadership in space

manifested by visihle achievements that are second to none.
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THE OSSA STRATEGY

o chart a course for .m endurin_ progran_ to make its vision a reality, OSSA has formulated

a strategy thai is tile cuhnination of extensive interaction and collaboration with the scientific and

applic-flions comnmnities, careful consideration o| res_)urce _uidelines, and iterative reviews of

pertinent issues and challenges.

Ohe OSSA strategic approach is constructed around five actions:

1. Establish a set of programmatic themes.

2. Establish a set t r decision rules.

3. Establish a set of priorities for missions and programs within each
theme.

4. Demonstrate that the strategy can yield a viable program.

5. Check the strategy for technology readiness and for consistency with

resource constraints, such as budget, manpower, and launch vehicle

availability.

Each of these actions is described in more detail below.

Daken to_ether, these five actions define a programmatic lm)cess t)y which OSSA will phm its

activities and allocate its resources. The programmatic themes provide direction and I)alance to our

program, the decision rules guide us in choosing efforts among and within programmatic themes,

and the list of priorities determines the order in which we will pursue the missions and I)ro_zrams

within each theme. By exercising these actions, various plans tot an inteCrated OSSA program result

and these plans can he checked to determine whether they yield a viable program and are

consistent with our resource constraints.

_n important point to note is that exercisin_ the above actions does not, nor is it intended to,

result in a sin,*zle plan. Rather, these actions define a realistic and flexible process that will provide

the basis for making near-term decisions on the allocation of resources ti)r the phmning of future

efforts. The least certain constraint on our plannin_ is the budget level that will he available to
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OSSA. The process defined here allows us to adjust to varying, budget levels, both those levels

that provide opportunities t:or an expanding science and applications program and those that

constrain growth.

Un developing this strate_zy, we have assumed that the overall NASA budget will continue to

grow to accommodate overall Agency plans tor the Shuttle and expendable launch vehicles, the

Space Station, and the haste research and technology program, and that OSSA will receive it

proporlion of the overall budget that is consistent with its historical allocation. Further. we assume

the implementation of current plans for a mixed fleet of launch vehicles, with the launch rates

presently projected for the Space Shuttle and for expendal)le launch vehicles. (In general,

expendal)le launch vehicles will be used for payloads that do not require crew intervention or other

capahilities unique to ttle Space Shuttle.) The level of availability of the ARency work force is assumed

to he consistent with Agency plans.

_ verarchin_ A_cency initiatives, such as _eostationary platforms as part of the Mission t_) Phmet

Earth, extended-duration SI)ace Slalion crew certification, and/or Mars [lover/Sample Return

as it precursor to human exploration, are not considered in the hase strategy. If such initiatives are

aplmwed, the approl)riate resources must he added over and ahove the haseline.

D inally, in develotfing tile strategy, no explicit assumptions are made ahout dependence Oil

international cooperation. Instead, we intend to define our strategy and then to go forward and

seek ol)l)orttmilies for international cooperation to fit our plans.

_ithin these guidelines and assumptions, five basic themes drive the development of

()SSA_s strategy.

I

Programmatic Themes

The ()ngoin_ Program

First and foremost, for missions in the ongoing program, the scheduling, resource allocations,

and manifested slots on the Space Shuttle or an expendable launch vehicle must be protected

and assured. The same high level of priority al)plics to ongoing research programs and mission

operations and data analysis activities.

Leadership Through Major and Moderate Missions

OSSA plans to move holdly forward to make fundamental and visible advances in key areas of

space science, to ensure that our world leadership is preserved in the future. Because they provide

the largest quantum leaps in the advancement of scientific knowledge and technological ability,

our pursuit of leadership is most conspicuous through major and moderate missions.

Increased Opportunity with Small Missions

Small missions are vital to the program hecause they can be accoml)lished relatively inexpensively,

allowing the c,onsideration of more innow_tive ideas, and they can be conducted on a short time

scale, offering quick turnaround and continuing opportunity. The small missions are particularly

important for the trainin_ of the next generation of scientists and engineers, since the missions are

of a size that universities can develol), and the development and flight of small missions can occur

in the same period of time as that required to earn a graduate degree.



OFFICE OF SPACE SCIENCE AND APPLICATIONS

The Transition to Space Station

BeKinninK with Spacelab and other in-space facilities, it is time to move aRRressively, but sensibly,

to develop tile principal areas of space science and applications Ihat will take advantaKe of unique

Space Station opportunities, such as pressurized laboratories for micro_,ravity science and life

sciences research, the muttidisciplinary use of attached payloads, aJ_d polar platforms for Earth

science research.

The Research Base

The research and analysis program provides base support fi_r a vigourous and productive research

community and it presents a special opportunity for studenls l_}de'_'elop the skills thal will enable

them to conduct the prod, rams of the future. Parts of the pr,_ram need early enhancement,

especially in the replacement of a_in,_ laboratory equipment, in the increase of theory and data

analysis fundin_ in certain disciplines, and in the _rotmd-based and suhorbital pro,c_rams.

Decision Rules

_-
he first step in the process of determining mission priorities and sequence is the establishment

of a realistic budget level. Then, the five themes described earlier pnwide a teml)late on ++hich the

OSSA pro_ratn is built for 1989 and succeeding years. Ideally, at least one new initiative for each

theme, excepting the on_oin_, program, wouhl be included each year, and we wouh] systematically

pursue each item under each theme, in seque]ace by priority. H+_we_er, ira the event that the IJud_,et

or other aspects of the external environmetd do not accommodate simllltaneous enhancements in all

thur areas, certain rules have been formulated to determine the mix of proKram elements.

Complete the Ongoing Prod, ram.

The completion of the on_oin_ 1)re,ram ahs'ays has the hi_hest priority: no resources allocaled to

those programs already trader way will be sacrificed or poslponed in order to t)urst]e new starts.

Initiate a Major or Moderate Mission Each Year.

Major missions preserve and enhance U.S. leadership in key areas of space science and applications

and we will pursue major missions whenever available resources all_w us to do so. If an assessment

of foreseeable expenditures fl_r candidate missions, over both the near term and the lifetime of tile

pro,_ram, indicates thai _,ur res,urces do not permit a major mission, we will pursue a moderate

mission.

Initiate Small Missions in Addition to Major or Moderate Missions.

lu all cases, we endeavor 1o start a small mission ()r a small missicm t)n)_ram every year, in

conjunction with either a maior or a moderate mission.

Move Aggressively, but Sensibly, to Build Science Instruments for the Space Station.

Space Slation initiatives are determined by scientific discipline I)_tce arid balance, relevance t¢_

Space Station, and technological maturity. We will move forward s_ slematically to provide a

complete set of fully developed facilities and instrumentation for the Space Station.

Research Base Augmentations Will Be Sought Whenever They Are Warranted.

They are determined hy the irnpact of the rest of the pro_ranl on discipline stability, pr.e.ress,

and ftzture needs.
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The Plan for 1989

_he five prng,rammatic themes and the rules for decision-making, were followed in the

construction of our plan for 1989, which is detailed below.

ONGOING PROGRAM

Q irst, the 1989 plan includes sufficient resources to keep each of tile ong,oing flighl prog,rams on

schedule for launch in their manifested slots on the Space Shuttle or an expendable hmnch vehicle.

The Ion_, hiatus in space science and applications launches is drawing, to a close. In what 1)romises

to he an exciting, year, 1989 is expected to see the launch of the (;osmic Background Explorer, the

Mag,ellan mission to Venus, the Hubble Space Telescope, the Astro Spacelab mission, and the

Galileo mission to Jupiter. In Aug,ust of that same year, Voyag,er 2 will encounter Neptune, a major

milestone in outer solar system exploration, and one that will surely return a wealth of scientific

infl_rmation.

Q evelopment will continue on an impressive array of major, moderate, and small missions to be

launched from 1990 through 199,'3, including,:

Gamma Ray Observatory

Roentg,en Satellite

Combined Release and Radiation Effects Satellite

Ulysses

I,aser Gendynamics Satellite

Extreme Ultraviolet Explorer

Ocean Topography Experiment (TOPEX)

Upper Atmosphere Research Satellite

Advanced Communications Technolog,y

Satellite (subject to aclion on the FY

1989 bud_el)

Wind

Geotail

Mars Observer

Polar

Mobile Satellite

Spacelabs, including, a series of Space Life
Sciences missions; International Microg,ravity

Laboratory and U.S. Microg,ravity Laboratory
missions; several Atmospheric Laboratories fi)r

Applications and Science; two Astronomy

Laboratory missions; and two flig,hts of the

Space Radar Laboratory'.

an addition to the ftig,ht projects, resources that suplmrt nng,oing prog,ram elements in research

and analysis, suborbital observations, theory and modeling, laboratory and SUl)porting, observations,

and mission operalions and data analysis for ong,oinK operating, missions will continue uninterrupted.

LEADERSHIP: MAJOR AND MODERATE MISSIONS

_ur plan mal<es a bold statement thai the United States will pursue world leadership in space

science in 1989 Ihroug, h an initiative in astrol)hysics. Our nation is poised ti)r an accomplishment

unique in the history of humankind-to observe the physical universe with unprecedented con>

pleteness and resolution. We have the demonstrated capability to construct high-technolog,y orbiting,

telescopes that can observe the universe in all forms of electromag,netic radiation, and we have the

unique capability with the Space Shuttle, and eventually the Space Station, to maintain these

telescopes on orl)il.

_he key 1o realizing, this ambition is the Adwmced X-Ray Astrophysics Facility-a telescope

facilily (lesigned lo observe the universe in the X-ray region of the electromagnetic spectrum. This

i
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i,

facility will be 100 times more sensitive and have l,O00 times more capability fl)r spectroscopy

than any previous or planned X-ray mission.

_he Advanced X-Ray Astrophysics Facility is to fly in concert with the Hut)hie Space

Telescope, which will observe lhe universe in visible and ultraviolel radiation: with the Gamma Ray

Observatory, which will observe in gamma rays; and with the Space Infrared Telescope Facility,

which will observe in the infrared re,ion. These Great Observatories, operating together, will pro-

vide a c,omprehensive physical picture of the universe's most eni_zmatic objects, and will observe

the full ran_,e of phenomena in tile universe, from the most tranquil to the most violent.

_he Advanced X-Ray Astrophysics Facility will also provide a scientific opportunity that is

unlikely to be repeated for many generations. The closest supernova to occur near Earth since the

invention of the telescope 40t) years ag,o was seen last year, aud it cau be studied hy the facility,

provided that launch occurs hv 1,995, hefore the X rays fade. Supernovae are responsible for the

origin of all the heavier elements in the universe, includin_ those essential for life. In this era in

which Uniled States leadership in space is being challeng, ed, our plans assert that in the premiere

scientific discipline of astrophysics, we will tie second to none.

SMALL MISSIONS

_o maintain program continuity and vi_or through frequent fli_hl opportunity for small mis-

sions, our phm l)roposes an au_,mentation to the Explorer l/roRram that builds on the augmentation

that Congress provided last year. A clear and present need exists to stimuhtte the research commu-

nity, particularly at universities, with exciting: new Ollportt,nitics, which will attract new scientists

and engineers to space science, flistorically, the Explorer pro_zram has been one of the means by

which we have provided such OplJortunities, through frequent launches o1' focused science missions.

ccordin_ly, we are phmnin_ to augment the Explorer prt>_ram to allow for more small missions,

which can be hmnched on Scout-class expendable launch vehicles. These missions are sut_ciently

small that they can be t)uilt and launched within three years, yel tht,.x are sufficiently capable to

accomplish first-class scientific objectives in astronomy, sl)ace physics, and upper atmospheric physics.

We anticipate shortly releasing all Announcement of Opportunity to select these missions, and we

expect that this opportunity will provide yet another indication that the space program is moving

forward a_ain.

SPACE STATION UTILIZATION

_he fourth theme of our 1989 plan concerns the Space Station. It is time to begin to agg, ressively

develop the principal areas of space science and applications that _xill take advantage of the unique

opportunities that the Space Station will provide us. Four such areas- microgravity sck'nce, life

sciences, multklisciplinary attached payloads, and Earth science from the P.lar Platform-are being

developed, and we have a separate strategy for each area.

_he Space Station will Ilrovide us with a laboratory ill which, with continual human interaction,

we can conduct a broad range of microgravity experiments in materials science, fluid physics,
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and biotechnoh)gy. These experiments will advance our knowledge of basic physics, chemistD',

and hi_logy, and will have direct applications to improving our understanding of processes that

occur on the Earth and in space.

_-t o use the Space Station as a lahoratory, we will develop six facilities: (1) a Space Station

Furnace Facility, (2) a Modular Comhustion Facility, (_3) a Fluid Physics/Dynamics Facility, (4) a

Modular Containerless Processing Facility, (5) an Adwmced Protein Crystal Growth Facility, and

(6) a Biotechnology Facility. We will fly elements of these facilities in advance of the Space Station.

both to test and perfect the design of the facilities, and to provide new research results in the

important discipline of microgravity science and applications.

he plan for microgravity science provides for the full development of all six facilities required

for the Space Station, and allows for their test flight on a Spacelal) mission and/or a commercially

developed space facility. The prog, ram leads to the full instrumentation of the Space Station for

microgravity science by the time of man-tended capahility.

_ife sciences research is also an important activity that we will conduct on the Space Station.

We have ongoing, studies on precisely how we will accommodate the life sciences l'esearch on the Space

Station, and we are developing one of the facilities that we are certain we will require on the Space

Station-the 1.8-meter centrifuge, which is essential to any biological research in space. As with

the microgravity facilities, the centrifuge will be flown and tested on a St)acelah and, or a

commercially developed space facility, and will then he trausitioned to the Space Station.

::_: ttached payload opportunities, which can he used by a broad ranae of science and applications

disciplines, are also provided by the Space Station. Our strategy in this area is to begin with attached

payloads that are not overly demanding on the environment and pointing capabilities of the Space

Station; then, as we learn to use the Station and its full capabilities, we will evolve into using more

sophislicated attached payloads. We anticipate shortly releasing an Announcement of Opportunity

soliciting, proposals for attached I)ayloads to t)e carried on the Space Station during, its initial one

to three years of operation, and proposals for the definition of more anabitious investigations for

possible attached payloads to be flown at a later time.

_{he Polar Platform of the Space Station provides us with the opportunity to make detailed

observations of the Earth, of how it is evolving on a global scale, and of how we humans are

influencing that evolution. Vv'e have recently released an Almouncement of Opportunity, jointly

with the Europeans and the Japanese, to select investigations for the Earth Ohserving System,

which is to fly on the Polar Platform, and to select potential manned base attached payloads in the

Earth sciences discipline. Our plan also includes the resources to conduct advanced technology

studies to define instruments and information systems for the Earth Observing System.

}_t he four parts of our Space Station initiative-the development of microgravity facilities, the

development of the centrifuge and the planning for other life sciences facilities, the development of

attached payloads, and the selection and study of Earth observing instrumentation for the Polar

Platform-form a coml_rehensive plan to begin to make full use of the unique opl)ortunities that the

Space Station will provide.
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RESEARCH BASE

_lle fifth and final theme of our plan for 1989 concerns tile' Researcb and Analysis program,

which is the vital t, nderl)inning to our program. We are I)roposint_ to au,_zment Ibis program to

contilLue our rocket and balloon campaign to understand the recent supernova, in advance of when

it can be observed and studied by the Great Observatories, to complete the purchase of a new

higb-flyin_z Earth remote sensing aircraft: and to provide additional resources to take maximum

advantage of the upcoming encounter of the Voyager spacecraft with Neptune. The plan provides

for conlimiing advanced technoln_zy development on tile Mariner Mark II missions, Comet Rendez-

vous Asteroid Flyby and Cassini. We are also planning to begin developnlent oft network of signal

prncessing equipment to be attached to radio astronomy facilities to begin, in 1992, to search tot

other intelli/zent liti_ in our Kalaxy. Detection of life elsewhere in the universe may be tile mnsl

profound event to occur in human history.

ith a clear eye toward tile next I:ive years, the plan for 1.98,9 allows us to make si_,nificant

progress to,yard achievin_z our ultimate _oals. The U.S. space science and applications program laas

historically produced tin outstanding, scientific return on America's investment, and we expect this

to continue and _row through the implementation of our five-ye:tr ';trate_z.v, described next.

Five-Year Strategy

De,inning witb tile overarchin_z goals of NASA as articulated I)y National Space Policy, and

workin_ through OSSA's _oals and objectives, the themes and decision rules cited earlier form the

basis for our strategy for the years 1990 through 1994.

ONGOING PROGRAM

Ohrou_h each succeeding year, the flight projects and research programs started the previous

year combine with those that are still under way to forln tile on_,oina prngram. In all cases, the

highest priority of OSSA's strategy is to carry out the ongoing program.

LEADERSHIP: MAJOR AND MODERATE MISSIONS

_ll tile major fli_zht projects in tile 1989 ongoing program will be launched I_y 199.3; a new major

flight project requires fimr to six years to develop. Thus, In pursue leadership in key areas, the

necessary next step is to select tile successors to the ongoing pro_zram. Several criteria drive deci-

sions about the selection and sequence of major and moderate missions. First, we want to pursue

missions of the highest scientific priority, its identified by the National Academy of Sciences and the

NASA Advisory Council. Second, tile several candidate missions that fall within this category are

assessed for the degree of technological readiness to pursue them: this determines the degree of

understanding of cost and schedule risk for these candidates. Third, the order in which major and

moderate missions are pursued is governed by the need to pace the implementation of discipline-

specific plans at a rate of al)proximately one major or moderate new start every five years in each

discipline; this pace keeps all the discipline proff, rams movin_z forward and maintainin_ vifzor. Finally,

the missions are viewed in the context of the NASA Space and Earth Science Advisory Comndt-

tee',,; recommendations for niission selection that are elucidated in tile report The Crisis in Space
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_md E¢lrlh Scie_ux'. The report describes guidelines for the following criteria (1) scientific merit,

(2) programmatic considerations, and (.'3) societal and other implications.

nether _,uideline is lhai there should he one major or moderate new start per year. While we

recognize Ihe fact that circumstances nlay present occasions where more than one new start is

possihle, and others where no new start is possible, an average pace of one per year is necessary Io

meet the goals of leadership in l<ey areas and to assure vi_or and continuity. On the other hand,

given a realistic estimate of resource constraints, more than one new start per year cannot ordinari-

ly be expected, because available resources for small missions and for research and analysis mus!

he preserved. Accordingly, the sequence of major and moderate missions in our five-year strategy

has been determined as detailed below.

_:_ ccording to the decision rules, whenever resources permit, we will pursue major missions in

order to preserve and enhance U.S. leadership. These major missions, in order of priority, are

described below.

JOINT INITIATION OF COMET RENDEZVOUS ASTEROID FLYBY AND CASSINI MISSIONS

_he (',nmel l{endezvous Asteroid Flyhy (CRAF) mission will include a close flyby of a main belt

asteroid followed by an extended multiyear rendezvous with a short-period comet, permitting

detailed study of the comet's nucleus, dust, and atmosphere at close range under both quiescent

and aclive conditions. The Cassini mission, a potential cooperative project with the European Space

Agency, will conduct a comprehensive scientific investigation of the phmet Saturn, its rin_s

and monns, the surface and atmosphere of its principal moon Titan, and the nature of fields and

particles in Saturn's ma_,netosphere.

_ii hese t_vo missions have long been established as endeavors of high scientific priority, because

the.v combine to address tile fundamental OSSA goal of determining tile origin and evolution of the

solar system and of life. The large planets preserve unprocessed elemental and isotopic abundances,

scienlists helieve that in Titan's atmosphere, chemical and physical reactions similar to those that

led to the origin of life on Earth may now be takin_ place. The prinaitive hodies, comets and

asteroids, preserve relatively tml)rocessed molecular and organic material from the interstellar

medi,m and the solar nebula. Studying the outer solar system and the primitive bodies provides

informatiotl ahout the early history of the solar system, and about the origin, evolution, and

distribution of prehiotic organic materials.

ecause of this shared scientific goal and the complementary nature of the two missions" objec-

lives, alld also hecause both missions use the same Mariner Mark II spacecraft design, CRAF and

Cassini are comhined for a join! prn_zram. We place this initiative ;is the highest priority for major

missions because development must be started now to assure a robust solar system exploration

prn_ram at the end of this century. This approach assures the continued strength of the program,

and continues our tradition of leadership in exploring the outer solar system.



0 F F I C E 0 F S P A C E $ C I E N C E A N D A P P L I C A T I 0 N S

THE EARTH OBSERVING SYSTEM

, he E:trth ()bst'rvin_ System will place a suite of instruments in low-Earth orbit to make com-

prehensive ol)servati_ms of E:_rth's atmosphere, oee:ms, hum surf:_ces, _md biota. An integral part of

the program is the o_llection, processing, amdysis, interpretation, ;rod archivin_ _t' the resullin_

([at:t. The E:trth ()l)ser_in_ S) stcm is the centerpiece of NASA's implementation _>t the Earth Sys-

tem Sciences ('xmmdltee str_tte_.v for inte_zrated study of the E:trth and of _lobal oh'thee. Lon_-tern_,

consistent measurements ar_, required to understand _lobal etl:tn_es, and so, for at least 15 years,

the mission will study the _lobal-scale princesses thou shape and inlluence Earth as a system.

_-4 his study of _lobal chan_c on Earth is ftmdamentMI.v important to humanity's future on this

t)hmeI. We must apt)l)' the capabilities tlmt we have developed in _txtc'e to undersumd our own

world, and to safeguard that world for the ctmfin_, _enerations.

:_ he Earth ()bservin_ System is recommended for an early st:trl itl order to address the

accelerating need for information about the rapid evolutim_ of Earth's environment, and to prepare

to make timely use of l_latforms provided by the Space Station. Definition studies are expected to

be completed in 1990 and a tlevelopment start should follow as soon as possible.

THE SPACE INFRARED TELESCOPE FACILITY

_ he fourth (;reat Observatory, the Space Infrared Telescope Facility is a hm_-lived, meter-class,

cryo_euically cooled, infrared observatory to study the very cold re,ions of splice. II will be launched

by the Sl):tt:e Shutlle and serviced 1))' the Shuttle and the Spa(_'e ,';t-_tion. l_e_ions and ob cots the

facility will shMy are: locations _shere lhe cosmic g,as arm dusl condense into stars: cool objects in

the solar system-planehtr) systems, aster_dds, and comets: and infr:ared-emittin_ extra_calactic

objecls. It will l)e 1,000 times more sensitive than the lnfrared Astronomical Satellite. One of its

major applications will t)e to _fl)tain detailed inlrared sf)e(:tromeh'y ot the faint infrared sources that

the lnfr:_red AstronomicM S:tlellite discovered but could not observe in detail. The Astronomy

Survey Commiltee of the National Academy of Sciences has trealed tile Space Infrared Telescope

Facility as a hi_h-priorit) mission.
I

he four Creat ()t)servalories the ttul)ble Space Telescope, the (;aroma Ray Observatory, tile

Advanced X-l_.ay Astrophysics Facility, and the Space Intrared Telescope Facility-will provide

world-class facilities for observing, in all the major wavelength I)ands. To_ether, the Great Obser-

vatories will ensure U.S. leadership in astronomy and astrophysics for decades to come.

THE SOLAR PROBE

_)_:i he Solar Probe will b(_' lmmanity's first direct exl_loratory venture lo the vicinity of the Sun.

It will study the unexplored re,ion between 4 and e;0 radii from the Sun, where Ihe solar wind

begins to t'lo_v _t supersonic speeds. The Solar Probe will measure the electromagnetic fields and will

study the particle pOl)uh_tions in the re,ion close to the Sun. It will make fundamental measure-

ments rekttin_ to stellar intermt] structure, gravitatitm, and relativity, and it will observe the structure

of the solar atmosphere from the t)h(_tosl)here to the corona wilh ext:epti(mally hi/_h spatial resolution.
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_ecause the Solar Probe offers a uni(lue opl)nrtunity for leadership in exp]oration of the

heliosphere, and t)ecause it has been cited by the scientific research connnunity :is a hi_h-priorit$

objective, it has been established as the fourth major mission in our five-year plan.

n the event that resources (Io not permit the implementation of a major mission, the moderate

missions (lescrit)ed hel(iw will lie pursued in order of priority.

HIGH-RESOLUTION SOLAR OBSERVATORY

lie t li_h-Resohltion Solar Observatory is a scientific platform for l)erforniing investigations of

the Sun',,; fine-scale magnetic structures. Its scientific objective is to study in visihle light, and at the

limits of spatial an(l temporal resolutions at which they actually occur, the fimdanlental magnetohy-

drodynamic processes of the Sun's surface atmosphere. This prolzram has repeatedly been endorsed

as the hig, hest priority of lhe U.S. space sohtr physics discipline and, as such, has received the

highest reconnnen(lati(ms by the relevant colnmittees of the National Academy (if Sciences.

THE LUNAR OBSERVER

_he second mission in the Phmetary Observer program, the Lunar Observer will be constrtlcted

from Mars Ohserver Sl)ares to conduct a one-year polar mapping mission to lneasure the Moon's

global surface mineral and elemental composition, to assess _lohal resources (including frozen vola-

tiles al the poles), to measure surface topography, and to measure magnetic and gravitational fields.

In addition to the valuable scientific infi)rmation that this mission will provide, the data from the

1,unar Ohserver will contribute to the Ag£rmy :coal of preparing the way for a possible tltlnlttll

outpost on the Moon. In order to efficiently and cost-effectively make the transition to the Lunar

Observer using, spares from the Mars Ohserver, the Lunar Observer must beg, in in 199"2. Therefore,

at that time, the I:uutr Ohserver will become the highest priority moderate mission, even if the

ilig, h-f_.esolution Solar Ohservatory has not been started.

GRAVITY PROBE-B

_! rarity Prohe-B is designed to be a cornerstone test of general relativity. Einstefil_ universally

accepted theory of special relativity ties together the structure of time and space. His theory of

g,eneral relativity, which is far less thoroughly tested, ties together space, tiine, and gravity. This

theory is on a much less secure experimental footing than the special theory, and alternative hypo-

theses exist. Gravity Prohe-B will measure hoth the distortion of the "'fabric of space time_' imposed

by the Earth's presence, and the subtle dra_ing of this fabric, predicted to result from the Earth's

rotation. The influence of these ett'ects will be seen in subtle precessional changes affecting the

hehavior of a set of fimr ultra-precision gyroscopes operatin_ in a drag-free, superconducting

environment. The required technology for this demanding undertaking has heen under development

since 19($5. The key elements will be tested using, a functioning prototype to be flown on a Space

Shuttle flight prior to the science mission.
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SMALL MISSIONS

he missions in this category are essential to sustaining tile vigor of our program. They can be

launched more frequently than major or moderate missions, perhaps as often as every two years

per discipline. Tile small missions can provide opportunities comparable to classical Explorers.

_ urrently identified small missions of the flve-year stratc'_y inch_de.:

EARTH PROBES

o complement the ohservations carried out by the Earth Observing System, we have defined a

series of Explorer-class missi_ms in Earth science, called Earth Probes. We plan a continuing series

of these missions to be launched at a regular interval. For example, the Tropical Rainfall Measure-

ment Mission, the Magnetic Field Explorer, and the Geopolenlial Research Mission are concepts for

small missions that may I)e selected as Earth Probes.

LIFESAT

;'_ ifesat is a small, recovc'rahle, and reusable orbiting spacecraft thal can I)e used as an

inexpensive platform for conducting life sciences (and possihly other) experiments. Tile spacecraft

can he launched on a variety t)f expendable latmch vehicles and cml provide up to 40 days of

microgravity environment. This program provides a particularly altractive opl)ortunity for

multinational cooi)eration.

SPACE STATION UTILIZATION

_or this segment of our fire'-year strategy, we wish to initiate the space biology counterpart to the

1989 microgravity initiative. The goal of space hiology research is t¢_use tile unique characteristics

of the space environment, especially microz.ravity, to increase our mlderstanding of life and its

processes, and to understand how gravity affects and has shaped litL, on Earth. The objective of

the research, which encompasses both plants and animals, is to understand the mechanisms by

which orzanisrns perceive zravity and transmit the information m a responsive site, to determine the

role of gravity in reproduction, development, maturation, and funclion, and to understand the

mechanisms hy which environments in conjunction with naicr.gravity aft}ect living systems.

_he development of second-_eneration attached payloads for a variety of disciplines will also

need to be_in during this five-year period.

_t key factor in OSSA's pret)aratiou for the Space Station will he the continued use of Spacelalx the

Space Shuttle mid-deck lockers, and ether appropriate carriers to develop, test, and verify new and

improved instrumentation for subsequent use on the Space Station.

RESEARCH BASE

_he highest priority in this area is to augment the research and analysis hase that is essential

to OSSA's program. In particular, laboratory equipment and facilities need to be upgraded, and

enhancements in fundin_ need to he provided for new instrument development, more capable

information systems and coml)ulational facilities, data analysis, an(t theoretical studies. Further,

the sulx)rbital program needs enhancement in balloons and rockets and in areas such as those

described below.
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STRATOSPHERIC OBSERVATORY FOR INFRARED ASTRONOMY (SOFIA)

_()FIA is a :3-meter-class telescope lllanned to be flown in a modified Boein_ 747 airplane to

ol)serve tile Infrared Astronomical Satellite sources with good angular resolution at infrared wave-

lengths in,ccessihle from the ground. A facility with tremendous potential for science, SOFIA can

.ffer an improvement in resolution over the 0.9-meter Kuiper Airborne Observatory, it can be

readily available to the scientil'ic comnnmity (with a short turnaround time), and it can lie flown on

a reliable, reusable vehicle. Since the Space Infrared Telescope Facility will not fly until the late

1990s, SOFIA wilt allow us to follow up on the exciting discoveries of the Infrared Astronomical

Satellite in the interim, and SOFIA will complement the Space Infrared Telescope Facility when it

liecomes operational.

NEW AIRCRAFT FOR EARTH REMOTE SENSING

_ hservati(ms ot Earth from instrumented aircraft complement those taken from space and on

the u,round, and provide critical flight demonstration tests of advanced remote sensing technologies.

Currently, flnJr aircraft-one DC-8, two ER-2s, and a C-180-make up the means of conductin_

this program. Since aircraft observations provide a method for uncomplicated launch and f'lst turn-

around, we wish to update the fleet with more capable and more sophisticated craft.

Summacy

_he chart below graphically represents the strategy that will g,uide OSSA's t)lans from 1989

through 1994. The strategic approach descrihed earlier, including consistent programmatic

themes and decision rules, will continue to provide a methodology for OSSA strateg, ic planning in

the future.

Ongoing Major & Small Space Research
Program Moderate Missions Station Base

Missions Utilization Enhancements

1989 Researchand AXAF Scout-class Microgravity SETI Microwave
Analysis Explorers Facilities ObservingProject

Mission 1.8mCentrifuge CRAF/Cassini
Operations ATD
andData Attached
Analysis Payloads SN1987a

Suborbital
Flight EosPayload Observations
Projects Definition

ER-2Purchase
Spacelabs

1990 and CRAF/Cassini EarthProbes SpaceBiology Laboratory
Other Facilities Facilities,

T Carriers Eos Lifesat Mission
H SIRTF Second- Operations
R generation and
0 SolarProbe Attached DataAnalysis,
U HRSO* Payloads Theory,
G Suborbital
H LO*

GP-B*
1994

*Moderate Mission
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IMPLICATIONS OF THE OSSA STRATEGY

<i_7 he ()SSA strategy subslantiall._ ilflluences NASA and other a_ency !domestic and international)

l)ro_ran_s I)y g('neratin_ (leman(Is an(l ()pl)l_rttmitics in a variety _fl'areas. Within NASA, the

apl)ropriate allucali(m of A_en(_'y resources amon_ the various I)ro_ram elemenls will, therefore,

t)e essential to the sllccess ltl the ()SSA l)ro_ram.

_ ulsi(le NA.SA, domestic and international science an(I al)plic,dions communities al'e expected

to rest)on(I to the ]ea(tcrshit_ embodied in the direcli(m an(] scope (it ()SSA's strate_v. In a(l(liti(m,

the Ot)l)()rtunity for NASA to complement ils programs through cil(ll)erative et]'orts is expected to

continue to _,row in areas (let]ned by this strategy.

his sectitm of the ()SSA strategic plan 1)rovides ;t summary assessmenl (if the implicati(ms of

the slrale_5 (m other se_munls of nalional and international space actixilies. This first editi(m (if the

strale_ic plan [(_cuses on tim NASA prog.ram implicatitms, leavin_ the non-NASA implications for

future e(liti(ms. This section, th,.'n, will t)e ut)(late(t each year. based ()n continuing, a(:tivilies to

refine our un(terstan(lin_ of lit(" iml)licalions in each area.

Budget

sing the decision rules described earlier, ()SSA has constructe(t a numl)cr ot plaus that serve I(i

demonstrate that the slrateg, ic process does w()rk and tim! it will t)c'rmit most prog, rams listed i, the

l)revious section l() I)e implemenled. For examl_le, if we assume thal the g,rowth in the total NASA

I)udg, et continues over the next several years ;tl its currently l_lann(,'(t rate and that OSSA will

receive a porlion of thai I)u(Igel that is consistent with its hislorical allocation, then carryin_ out

the onaoin_ t)roe, rant an(I initialing, most mttjor missions at a rale of nearly one per year will t)e

possible. In some years, ho',vever, the initiation of moderate missions rather than major missions

may I)e (lictated. Essentially every year, a steady Se(lUenCe of small missions, SI)aCe Station initiatives,

and selective augmentati,ms to the research t)ase can also be accoml)lishe(t. Under a more

constrained budget envelope thai l)r(wides for little growth, the (levch)imlc'nt I)hase (tI maj()r missions

will be delaye(I or stretched out over a Iong, er period of time. In this case, however, the initiation

of moderate missions at a rate of one per year may still 1)e acc(tml)lished.
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Transportation

_? he ()SSA slrateg, y assumes lhe implementation of current NASA phms for a mixed fleet of

launch vehicles, including, lhe currenl Space Shultle and the full range of existin_ expendahle

launch vehicles. A critical performance parameter for the Space Shuttle for Spacelab missions is the

nmxhnum permilled downweig, hl. In developin_ the current strategy, we assume the availahilily of

lhe Space Shullle with 2,30,000 pounds of downwei_ht, which enables Spacehth missions of up Io

10 days on Orbiter Vehicle 102> Columbia. (Cohlmbia is the only vehicle thai is currenlly equipped

for a lO-day mission. See "<In-Orhil hifraslructure" for further discussion. ) l,aunch rates for the

St)ace Shultle for SI)aeelab module missions will be two 1o three per year and for pallet missions

one [0 IIV(} per year.

V/2: egardin_> expendable launcti vehicles, implementing the OSSA straielzy requires the avaihthil-

ity of "'snlall'" (Scout-class), "medium and intermediate" (Delta-, Atlas/(]entaur-, Titan Ill-chiss),

and "hn'_,e" (Titan IV-chiss) vehicles. I,aunch rates for expendables will averatze approximately two

small and two lu four medium or intermediate per year, with one lartLe required every two 1o

lhree years.

-_ _ tie rate ai which ihe slratet4y can l)e achieved can be suhstanlially enhanced with the Advanced

Solid Rocket Meier, which will allow significant increases in payloads delivered to the Space Station

manned base durin_ the assemhly phase. Without this capability, either delivery (if user equipment

IO lilt' Space Station will he delayed, or additional Shuttle flights will he required. The Advanced

Solid Rocket Mohw will also enable Space Shultle-I)ased servicin7 of polar i)]atforins, provided lhal

<_hilille operations hes_in al tile \Veslern Tesl Range.

'_llll currenl deficiency in h-ausporialion is lhe at)sence of a capability equivalent to lhat of the

cancelled (]entaur upper slage in lhe Shuilie. This capability is required 1o relieve planetary mission

designers of the need 1o conlt)ensale for this deficiency witil lntilliple gravity assist swingl)ys of

_'}nllS alld t']tirll/with the ilttendanl costly inefficiency. Until eiiher a heavy-lift launch veilicle

equitlped wilh a cryol4enic uliper slafze, or some version of an orhilal transfer vel]icle comhined with

a calmhility for Slmce-hased assenlhly t)ecolnes availal)le, l)hu/elary orbiters will not he able lo

achieve efficienl direct lransfers holween Earlh and the bodies in lhe outer s{llar sysiein.

7Jilt 7

;I_! SSA, in conjunction wilh NASA's ()ffice ot' Space Flight, is en_>a_ed in a conlinuin7 assessmenl

of civil transportation needs as part of a latter national effort focused on space iransporlalion

architechlrc; studies, la]ach year, tile OSSA slrate_y will form a basis for inpuls to these assessments.

In-Orbit Infrastructure

_'_ evelol)ment of tile OSSA strate_>y assumes the availability of the Phase I Space Station in the

mid-to-hire 1990s. The early 1990s will be devoted to preparing for the Space Station through

experiment "rod instrument development in space. At the present time, however, the only capabil-

ity avaihlble for manned space operations is the Space Transportation System and its associated

Spacehib systems. This matched system enahles Spacelal) module missions of up to 10 days only

three times in a 12-month period and then only on Columbia. Although this capahility appears to
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provide adequate capacity for continuing Spacelab activity after the deployment of the Space

Station, demands of both U.S. and foreign users are such that a near-tern1 shortfall in capacity could

delay preparations for the St)ace Station without an increase in a_ailable time in orbit through

extended duration capability for the Shuttle and augmentation for the Space[ab system.

_J everal potential enhancements are on the horizon, but the+, will not be available until 1991 or

1992; these enhancements could include the Extended Duration ()rbiter and commercially devel-

oped space facilities. Studies currently under way are focused on identifying optimal configurations

of these elements, used in conjunction with tile Space Transportation System, to both extend and

increase the frequency of manned scientific operations in space. By using tile commercially devel-

oped space facilities in a crew-operated mode, the number of equivalent animal Spacelab flights

could be increased. In addition, the duration of Spacelab or commercially developed space facility

man-tended missions could he extended to at least 20 and l)ossihly as many as 80 days.

ith regard to the Space Station itself, recent OSSA assessments indicate that OSSA could fully'

subscribe planned resources, even assuming 45 kilowatts of power available to users with the three

laboralory modules in the baseline and five to six Shuttle flights per year. Future OSSA programs

are likely to benefit from, and indeed may require, the availability of the co-orbiting platform

elements of the Space Station. Additional activities tire currently under way as part of the Space

Station Program Requirements lteview to understand and resolve any' issues.

_he deferral of servicing for free-flying spacecraft and of some capabilities for attached payloads

ts one of those issues. The reinstatement of the Space Station-hased Orbital Maneuverin_ Vehicle

for retrieving co-orbiting spacecraft, along with some limited capability at the manned base for

changing out orbital replacement units on free-flyers and for replenishing fuel and conlin_ cryogen

on free-flyers or attached payloads, would substantially enhance planned utilization. Efforts tire

under way' to further define needs in this area.

Telecommunications and Information Systems

_he availability of the full range of teleconmmnicatinns and data systems provided by

NASA through its Offices of Space Operations and Space Station is assumed in developing the

OSSA strategy. These services include the Tracking and Data Relay Satellite system, tile Deep

Space Network, the Program Support Communications Netw(_rk, and the Space Station

Information System.

_SSA information systems activities enhance the scientific productivity of NASA research pro-

grmns through the application of advanced information technology. The information systems program

provides an effective scientific computing environment and a comprehensive scientific data service

capability to OSSA; widely distributed research community. Ke_,, elements of the program include

scientific computing and data management support through the NASA Space and Earth Sciences

Computing (;enter and the National Space Science Data Center, both at the Goddard Space Flight

Center. Another fundamental element of the prod, ram is networking service to expand access and

resource sharing throughnut tile comnmnity. A research program in advanced technologies and

techniques to develop generic tools and capabilities for subsequent application across OSSA

disciplines is also ongoing.
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he information systems program has colhtborated with in(lividual research disciplines to design

and buitd data systems for the oceans, climate, planetary, and land communities. Some scientific

distil)lines have already begun to develop disciplinary an(t inter(lisciplinary information systems for

l)lanned miss)tins, such as the Earth Observing System.

_! aht all(] information systems will continue to grow in importance its a vital set)port element for

our scientific programs. The Space Station promises ;,ill era ()f increasingly coml)lex, Sol)histicale(l

missions corot)fiscal of multi-agency, inlernational campaigns. The uni(lue requirements generated

I)y these missi.ns mandate advanced information systems to achieve the full scientific ol)jectives of

the era. The associated challen_,es are numerous; not the least of these is a change in perspective

with respect to plafmin_, and management.

_ SSA intends to evolve from the mode of designing, and (tevelol)ing, essentially independent

data systems for individual flig,ht projects and to hroaden the l)erspective for designing systems and

evaluating trade-otis that span payloads, projects, and scienlific disciplines. This mode requires

a consistent planning, model, alou_ with a methodology that can accommodate change to exploit

adva,wcs in technology lhroug, hout fl)e life cycle of the very long, duration ft,ture fliaht missions

and scientific campaigns.

he Science and Apl_lications Information System is the basis of a strateg, y for planning, and

developin_ t'utllre ),formation systems to meet the objectives of all OSSA scientific disciplines. This

stratev, y is composed of four key elements or activities, conducted in close coordination and cooper-

at)on with the scienlific discipline I:)rograms. First, an over-dl architecture and pllmnina model thai

meels the basic requirements of ()SSA I)ro_,rams ,,',,ill he defined. This architecture must SUpl_orl a

highly adat_lahle ewdronment It) permit the incremental, n)odular evolution of system components.

Second, ()SSA information system requirements will he synthesized so that these requirements can

be clearly represented in the design and development phases of the Space Station llfformation

System and other flig,hl mission data systems. Third, a testbed program will be developed to explore,

evaluate, and demonstrate new and emerging technologies to support the telescience and other

operational scenarios envisioned in the Space Station era. Where at)propriate, these technologies

will I)e integ, raled into ong, oing, development efforts. Finally', tools and infl_rmation system

capabilities that can be applied to all of ()SSA will he develol)ed.

Technology

_n (]evelof)in _ our strategy, we assume the availahility of technolo_.y that is currently the state

of the art .r near that level. In addition to depending upon continued efforts I)y the Office of Aeronau-

lies and Space Technolog, y in a wide range of spacecraft and instrument suhsystems, OSSA currently

is conductin_ Advanced Technology Development programs for the next t0ur major OSSA initiatives-

Ihe Advanced X-llay Astrophysics Facility, the Mariner Mark II program (CRAF/Cassini), the Earth

Observing, System, and the Space Infrared Telescope Facility. The Solar Probe mission will present

significant new challenges, especially in the area of thermal t)rotection systems; therefi)re, advanced

technolog, y studies in support of this candidate major mission will also need to he initiated. Advanced

technology developme,_t assures lhe timely availability of critical technolog, ies well hefore the need

dates for full-scale development. This approach to risk and cost reduction is an important element

of the ()SSA strategy.
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ulure OSSA programs _ill benefit substantially frnm technologies that are g,enerally

ass_Mated with sensors, information systems, automation and roh_fics, and artificial intelligence.

Applications include ullrahi_h densily data storage on the Space Shilion, autononlous experiment

systems operations, lelcscience, and telerobolic servicing. All these technolo_zies will enhance

productivity and will help to extend human presence in lmv-Eartl-i orbi! as well as eventually in

geosynchronrms orbit.

_--'i_ SSA is currently invol;'ed xxith NASA's Office of Aeronautics and Space Technology i()ASTI in

plannin/Z the scope and content of activities within the ()AST program that are o[ direct inlerest to

OSSA. A Memorandum of Understanding between OSSA and ()AST is being developed to outline

the responsibilities of the two olTices in the l lumans-in-Stmce elemu'nt of Project Pathfinder. The

l,ife Sciences Division of OSSA will take the lead in areas relatin_ to human health, performance,

and I)ioregenerativc life support systems. ()AST will lake the lead in advanced technology [or

extravehicular activity, human factors, and physical-chemical li[c SUl)l)orl systems teclmolo_y.

This phm provides lhe basis for a mechanism to enhance the dialogue between these offices,

thereby serving, to introduce new et_ciency in lhe technology transfer process.

Institutions

_ he successful accomplishment of the OSSA strategy depends on support from the NASA

Centers, other federal lal)oralories, U.S. universities, and the private sector. Internal to the A_ency,

OSSA has specific institutional manag, ement responsibililies for Ihe Coddard Space Flight (:enter

and the Jet Propulsi_m [,ahoralory; however, every NASA cenk, r is :t direct participant in ()SSA's

science and technoh)_.,, programs, and the continuation of this SulJport ix essential. External It) the

Agency, the on_dn_ c_mtrilmtions of scientists aM en,_ineers at U.S. universities and in industry

arc' critical t{} the success {}fall {)SSA's l}rogranls.

NASA CENTERS

_he following descriptions of the roles of the NASA Centers in 111(,OSSA program are intended

to idenlif_ the nature of the l_redominant activities of each center. The descriptions are not intended

to be exhausti,,c and are nol meanl to imply any limitations ,m participation.

Goddard Space Flight (:enter. CSFC is involved in virttm[ly all sci_mlific disciplines v, ithin ()SSA,

with the excetHion ()1 the micro._ravity sciences (materials and life scic'nces). Personnel at (;oddard

have extensive experience in Ihe management of science and applications satellite projects and

instrmnents, includin_ the Exph)rer program. (;SFC is responsible for many critical support functions

in the research base, includin_ the operation of the NASA Space and Earth Sciences Computing,

Center, the Yati_mal Spac{' Science Data Center, and the soundin,,z rocket and balloon program at

the V,,'allops Fli_,hl Facility. In addition, as a comt)lement to CSF(:s role as the Work Packag, e

:3 St)ace Station development (?enter, (;oddard supports ()SSA integrated Space Station utilization

efforts in the areas of platf.rrns and atlached tmyhmds.

Goddard is also responsible for the mana_zement and operation o1' the Hul)ble Sl)aCe Telescope,

includin_ the Space Telescope Science hlstilute, where I iul)hte Space Telescope scientific data and

operations plannin:_ ,,','ill take place. Mission operations for a number of science and applications
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satellites are also conducted by Coddard. Under the management of the Office of Space Operations,

(.,_SFC rtms tile Trackina and Data Relay Satellite system, which is essential to the operation of all

U.S. Earth-orbiting spacecraft.

Jet Propulsion Laboratory. JPL is most often associated with the OSSA solar system exploration

program, and indeed, the laboratory is a unique national resource in the development and scientific

operation of deep space flight systems. However, JPL also plays a key role in most other areas of

observational science and in the development of unique computational capabilities. JPL's role in the

development of synthetic aperture radar systems, as well as other instruments, is central to the

OSSA Earth science strategy. JPL also plays a limited, but important, rote in the microgravity

science program, specifically in the area of containerless processing.

Under the management of the Off'ice of Space Operations, JPL operates the Deep Space

Network, the worldwide tracking stations for planetary spacecraft.

Marshall Space Flight (;enter. MSFC has vast experience as a major s.vsteln development center

and, t)ased on this, (tevelops and integrates major flight facilities for OSSA. Current examples

include mana/zement of tile Hubhle Space Telescope development and of the prol)osed Advance(]

X-Ray Aslrophysics Facility, and mission mana_zement for most of the Slmcelab and Shuttle-attached

[)aylonds. Continuation of Marshall's mission management role is critica[ to OSSA's effective

utilization of lhe manned hase of the Space Station complex. Less widely known, but very important,

is MSFC's parlicipation in the OSSA science and applications programs, particularly in space physics,

astrophysics, Earth science, anti microgravity science.

Ames Research (;enter. ARC is a major participant in the OSSA tiff2 sciences program in space

physiology, space biology, and exohiology. ARC also has an active role in infrared aslronomy,

planetary sciences, and Earth sciences, in terms of both scientific research and the operation of the

airborne science prod, ram (including the Kuiper Airborne Observatory, the ER-2s, the DC-8, and

the (;-1,'30). In addition, All(', set,ports OSSA efforts in information systems and telescience for the

Space Station.

Johnson Space (;enter. JSC plays a critical role in the OSSA life sciences activity, particularly

iu rest'arch on the effects of spaceflight on humans. JSC also particilmtes in the solar system explo-

ration l)roff, ram and manages the hmar curatorial facility. In microgravity science and applications,

JSC has an ongoin,q program in 1)iotechnology, as well as in the operation of the KC-135 aircraft,

which is used for microgravity ext)erimenlation. JSC is also lhe mission management center fi)r

life sciences Spacelab missions and some Earth science anti applications activity, includin_z the

fliahl of ima_zin_z radar on the Shuttle.

Kennedy Space (;enter. Because of KSC's operational character, the center's participation in lhe

research program is limited to life sciences, particularly in playing a key role in developing the

(',ontrolled Ecological Life Set)port System. In keeping with its operational expertise, KSC is a

major SUl)l)orl center for Spacelab payload integration, and a similar role for KS(', is expected to

evolve in the Space Station era. Additionally, the Kennedy' Space (;enter processes the ntajority of

spacecraft prior to launch on both the Shuttle and on unnmnned launch vehicles.
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i,angley Research (;enter. I,aRC plays a substantial role in the Earth science and applications

research program, particularly in tile develol)naent of satellite experiments an(I the analysis of

observati_ms. Lat/C also prtwi(les SUl)pnrt to tile materials science l)ro_,ranl for Spacelal_ and Sl)ace

Station facility systems engineering, and provides fundanlental resem'c[_ expertise in space

radiation physics.

Lewis Research Center. I,eRC ix a key participant in tile microgravity materials science and

applications l)rn_ranl, particularly ill the areas of comhustion at,1 metals and alloys. Lewis also

hi)crates a Lear Jet aml drop facilities for micro_ravity simulatinn. LeF[C has the lead role in the

cnmnlunications i)ro_ranl, an(t ix responsible for the (levelot)ment _d the Advanced C(_rnmunications

Technology Satellite.

National Space Technoln_y I.aboratories. NSTL is an iml)ortant participant in the Earth science an(l

al)plications program, inclu(tin_ operation of the Earth Resources l.al)nratory, which is involved in

research in tropical torestry and archeoh)_v.

7_,_ n concert with the centers, ()SSA will assess the current stale ;u/(1 future needs of the NASA

institutional base. A key first step was the "Center Science Ass('ssment Team" activity conducted in

1987. This study, ctmire(l 1)y 1). James Baker of the Joint Oce_mov.raphic Institutes, identifie(I

strengths and weaknesses in the in-house space science and science-related technology l)r()_ram.

NASA is developin_ a phm of action to address the recommendations of tile Baker report.

".-_._SSA plans to (levelo I) a companion document to this Strategic Phm, which will articulate the

Ion,-term institutional re(luirements for active center participation. Examl)les of problems already

identified inclu(le: shortaKes in civil service manpovcer, ag,in_ facilities and e(lUil)ment, a "_¢eneratin,l

gap" (a decrease in mid-career t)rofessionals in the work force), an(t the need for increased training,

oppnrltmities in the hi_h-lechnol(_y fields.

U.S. ACADEMIC INSTITUTIONS

:_
_! SSA has traditionally considered the U.S. universities part ¢)t ils institutional base. and will

continue to do so. NASA depends heavily on academia, not only as scientific investigators, but also

as educators of the next _eneration of space scientists. The participation of U.S. universities is

essential to maintainina a broad I)ase of capahilily in areas vital to the t:uture of space science and

applications. In its 1986 report, entitled The Crisis in Space aml E¢zrth Sciem:e, the NASA Space

and Earth Science Advisory (_omndttee cited a number of issues that are acutely important to the

health of universities as key tdements of the OSSA prog, ram. Among these issues were the need for

a spectrunl of small and larzc' research opportunities, reliahle and frequent access to space, atten-

tion to training, and de_ elopment (Tf_raduate stude,lts, an(t the st:tbilizin_ role of research and

analysis. The OSSA stratc_,> explicitly addresses those issues. OSSA intends to continue to work

with its advisory hodies to assess tile needs of tile university community an(l to devise al_l)roaches t()

ensure that the tmique Iong-lerm co,atrihutions that the community makes to space science and

applications continue in the t'utt_re.
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APPENDIX : THE OSSA SCIENTIFIC DISCIPLINES--INDIVIDUAL STRATEGIES

D e'¢elopin_ a strategy for the future prov, ram of OSSA and its discipline divisions be_,ins in

the scientific research connnunity, where active collaboration between OSSA and the community
translates _.oals into st rarefies for scientific discipline programs. A numl)er of panels of the National

Academy of Sciences and the NASA Advisory Council advise OSSA ahout broad issues of the

overall OSSA pro!zram. These panels include the Space Science Board, the Space Applications

Board, file Space and Earth Science Advisory Committee, the Space Applications Advisory

Committee, and the Life Sciences Advisory Connnittee. These committees and other special

ad hoc advisory bodies also specifically address the challenges and charters of each of the scien-

tific' disciplines that fall under OSSA_ umbrella. Focused groups, such as scientific working

_roups :rod l)roject definition teams, provide more specific recommendations regarding near-term

strategies. These advisory bodies, and the lmhlications in which their recommendations are elucidated,

are listed in each discipline description.

_ith the recommendations of these advisory groups as detailed objectives, and with the overall

_oals for space science and applications providing the framework, each scientific discipline

formulates specific program plans designed to focus on a particular aspect of the OSSA program.
Each Division strives to complement the other six, and each formulates a strategy that can then

be inte_rtfled into a comprehensive, cohesive plan, which provides a context tor decision-makin_
within ()SSA.

Dn the Im_es that follow, we summarize, for each discipline, the goals and objectives that define

its charter, its current situation, the relevant factors of the external environment, and the strategy

that will _,uide its activities for the next five to ten years. The integration of these individual plans is

the hasis of OSSA's overall strategy.

i
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Astrophysics

:_ he aslrol)hysics t)ro_ram pertornls those studic*s and investigations that are necessary to

determine lhe nature of .t)jecls and the range of conditions existin_ within lhe universe, and

to i(tenlify their place in and contril)ntion to its evolution. The goals ()1 the I)rn_ranl as stated by lhe

Committee on Sl)ace, Astr()nomy and Astrophysics of the Natii)nal Academy of Sciences can l)e

summ_trize(l as I)ein_ cenlered up()n achievin_ unprece(lentett tm(lerstan(ling nt:

The origin and fate of the universe,

The underlying fundamental laws of nature and physics that govern the universe,

The birth and evolutionary cycles of galaxies, stars, and planets.

_! hese goals are t)ursued through the i/l)servati(m and theoretical interpretation of the character-

istic radiation emitted t)y astr(_l)hysical systems. The astrophysics program is structured around four

t)rimary objectives: (1) estal)lishment of lone-term observatories for viewing the universe in four

major wavelength regions ot: lhe electromagnetic spectrum (inlrare(l, optical/ultraviolet, X-ray, an(l

_amma-ray l)ands) (2) attainnient of crucial t)ridgin_ and Sul)portin_, measurements via directed-

()bjective missions of intermetliale and small scope conducted within the Explorer and Sl)acelal)

I)ro_rams: (S) enhancement of scientific access to results ot Sl)ace-I)ased research activities including

prot)lem-oriented, multidisciplim_ry studies inllilemented through the Astrol)hysics Data System pro-

_ram; and (4) develnpment a_l(I maintenance of the scientific/technical base for space astrophysics

programs and missions via the research anti analysis and suborbital programs. In additi(m, an
advanced planning activity is c(>nducted to identify and direct the • early definition (>f new mission
can(li(lates.

CURRENT SITUATION

hc astrol)hysics 1)ro_rtnn has one active flight lir/)je(:t, the International Ultrav[<)let Explorer,

which is in its tenth year of operation+ Conducted in c()operation with the Eurol)ean Space A_,ency,

the project SUpl)orts al)l)roximalely 230 guest investigators per year.

evelopnlg ili_,ht pr<Liects. (ill nt+which tire sche(hded for htunch in the next three years+ begin

with the thd)l)le Space Telescope, the first 0t the Creat O1)servatories, I)lanne(l tnr 15 years i)f
operation. The European Space Agency is providing the solar arntv and one science instrument.

The second i)[ the four (:real ()l)servatories is the (;aroma Ray ()t)servatory, which will have an

operational lifetime ()f six t() ten years. The (',amnm Ray Observatory will carry one European
instrument on its f(/ur-instr, menl payload: it is expected 1o 1)e la,nche(1 in 1990. The Roentgen

Satellite, with an (_t)cratio,lal lifetime of alipr(_xinmlely three ye:trs, is :l Federal I_el)ul)lic 0t (;er-

many flight pr(_ranl wherein the United States t)rovides a science i,_strurnent and launc]_ _ehicle,

anti operations anti (tal:t aHal),',is :ire shared: its exl)ecle(l launch date is 1990.

we Explore, missions a,c' a[s,)in develol,me,d. The Cosmic I_ack_,,,und Explorer, with

an anticipated 1989 launch dale, will investigate the creation of the universe using the oldest

information in existence-the cosmic microwave background radialio,. Development will also

continue on the Explorer Plat/ornl and its first payload, the Extreme Ultraviolet Explorer, which

in 1991 will I)e_in our first sensilive exploration of the universe al _vavelen_ths between ultraviolet
light and X rays.

though the United States has 1)een the world leader in Sl)ace astrophysics in the past, the

Europeans, the Japanese, and the U.S.S.R. :ire :ill c<m(luctin_ incre:tsin_ly sophisticated a(tvance(l

prostates. Of particular relevance is the (0uantum (Kvant> astrophysics module that the U.S.S.R.,

in cont)eration with the t':urope:tns, has placed on the Mir space slati()n. This nio(lulc is provi(linf_
remarl(al)le views of deeli-St)ace lar_ets several years belt)re the pnJiecte(I h_unch of the more

capal)le Advanced X-Ray Astr,physics Facility.
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he unexpected al_pearance of Supernova 1987a has provided tile oplx)rtunity and impetus for

a special study by the research and analysis pro_cram. This program has provided the basic supl_ort

for the development o1:the infrared, ultraviolet, X-ray, and gamma-ray instruments that are 13ein_z
flown on halloons and rockets to observe the supernova, and for the formuhition of theoretical

models of lhe expected light curve, which have provided invifluable assistance in phmnin_¢
an optimal observin_z I_ro_rmn.

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

he hi_4hest pri,)rity for astrophysics is the completion of the Great ()bservatorios prod, ram

([tuhhle Space Telescope, (,aroma Ray Observatory, Advanced X-Ray Astrophysics Facility, and

Space Infrared Telescope Facility), which will provide the backbone for a contemporaneous,

coordinaled, m_,ltispectral observing program. Through the implenlentation of this I_ro_r:tm,
the Uniled States will he firmly established as the world leader in astrol)hysics research.

_ChVlhes also should he initialed 1o complete the two current programs of survey and detailed
science missions, such as the Extreme Ultraviolet Explorer and the Roentgen satellite, and the

special topic investi_zations, includin_ Cravity Prol:,e-B and the X-Ray Timing Explorer. A very

significant enhancemcnl of the capability to use suborbital observations to advance infrared astron-

omy can be achieved hy modifyin_ a Boeing, 747 aircraft to carry the Stratospheric ()l)servatory
for Infrared Astronmny ('SOFIA.

_ in:tlly, definition should be under way to select, study, :rod develop the next g,eneration of

Scout- and Delta-chtss Explorers such as the Far Ultraviolet Sl)ectroscol_.V Explorer and the Nuclear
Astrol)hysics Ext)lorer.

ADVISORY COMMITTEES AND RELEVANT REPORTS

(;ommittee on Space Astronomy and Astrophysics
Space Science Board

National Academy of Sciences

National Research Comlcil

;t Slr¢Hegfl /}Jr ,_'l_¢lceAslronom!t _md Aslrotgz!lsics [or the 1,9801s"(1979).

lnstitution(il Arr_tngenlenls [or lh(, Space 7),l(,SCOl)e-o Mid-Term Het.ieu.. St)ace Tolescotw SCl"enc_,
lnstitul(,_ Taslc Group (1985).

The E.rt_lorer Pr'o_r(lnl tor Aslrononl!t and Astroph!lsics (1986).

Long-Lit,ed Space Obsert:atories /)_r Aslronomfl and Astrol_h!ish's (1987).

Astronomy Survey Committee
Space Science Board

National Academy of Sciences

National I/esearch Council

Astlvmom!l ,rid Aslrolg_lsics for the 1980 k' (1982',).
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Solar System Exploration

_he fundamental ,_oals and approaches of the solar system exploration l)ro_ram tire those recom-

mended by tile National Academy of Sciences" (:ornmiltee on Plailetary and Lunar Exploration and
endorsed by the Solar S}stem Exploration Committee of the NASA AclvisoD_ Council. Briefly stated,

the goals are:

Origin and Evolution: To determine the present nature oJ'the solar system, its planets, and its primitive

bodies, in order to understand how the solar ._stem and its objects Jbrmed, evolved, and (in at least

one case) produced environments that could sustain life.

Comparative Planetology: 7b better understand the planet Earth by determining the general processes

that govern all planetary development and by understanding wh_t the "terrestrial" planets of the solar

system are so different from each other.

Pathfinders to Space: 7b establish the scientific and technical data base required for undertaking major
human endeavors in _ace, including the survey of near-Earth resources, the characterization of

planetary surfaces, and the search for life on other planets.

_he planetary expl(_ration prog, ram is structured around the recommendations of the Solar

System Exploration Committee, which stress tout|nutty, commonality, cost-effectiveness, and the

use of existing technology. The Core Program recommended by the SSEC consists of: (l) a continu-

ing series of modest Phmetary Observer missions to explore inner planets and near-Earth asteroids

using, reconfigured oil-the-shelf Earth-orbital spacecraft: (2) a continuing series of Mariner Mark 11
spacecraft missions to exph_re the outer planets, comets, and asteroids, using a common spacecraft

with evolving technological capabilities; (3) development of a multi-mission spaceflight operations

and data analysis capal)ility: and (4) strong fotmdations of _round-I)ased research, analysis, and

related activities ftmded at about 25_(_ of the total program. The SSEC separately (in 1986) recom-

mended an Augmented Program of more ch:dlen_in_ missions to return samples trom a comet and

from the stlrt,'lce of Mars, and to begin the search fi)r ,ther i_lanelary systems.

CURRENT SITUATION

_m_ y the end of this decade, all the major planets and their satellites will have been studied at the

rec,mmissance (i.e., fl._I)y! sta_e. The exploration phase has either been COml)leted or has been

established for evenv major solar system body that is accessible t,) us. Two spacecraft hmnched in

the 1970s, the Pioneer Venus ()rbiter and Voyager 2, are still in operation. Pioneer recently com-

pleted its :3,000th orbit of Venus, and Voyager 2 is hen(ling for an encounter with Neptuile in 1989:

it will then lr-tvel on to study interstellar space. The sta_e is set t_ c_ntinue intensive study of the

Mootl and Mars. Finally, emerging developments in telescope technology now enable serious plan-

ning for the detection of extra-solar systems.

U_
rogress toward realizing the basic premise of the SSEC, n;ttion__tl commitment to a continuous,

but modest cosl level ,d program activity, has been slo_s. ()nly the first two recommended missions,

Magellan and Mars Observer, have been approved for project start. The Congress has at)proved the

Planetary Observer concept, bul the Mariner Mark II missions still await adoption. NASA has

implemented the multi-mission operations concept l)ut research and analysis activities remain tunded

at only a small fraction of the total program budget.

_he Ctmllenger accident and the subsequent cancellation of the St,uttle-Centaur upper sta_:e

have both had a drastic impact on the planetary program. Both Calileo and Magellan have been

delayed; these delays have had a concomitant impact on the t)ro_ranl_ budget by diverting resources

that had been expected to support research and new program development to, instead, cover

contint,ed en_ineerin_ attention to grt)unded spacecraft. And the absence of an energetic upper

stage necessitates complex ._ravity-assist trajectories and nmch Icm_er trip times for missions to

the outer planets.



1988 STRATEGIC PLAN

_e tiring the past decade, other natiuns have made or planned major advances ill solar system

cxph_ration. The European Space Aff,ency, Japan, and the Soviet Union all launched spacecraft to

(iomet thdley: the U.S. provided critical grnund support. And although the U.S. continues to

maintain an overwhelming lead in exploring the outer planets, the U.S.S.R. has made impressive
accomplishments in exploring Venus and has announced an ambitious program for the exploration
of Mars.

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

_he highest priorities for solar system exploration are the implementation of the Mariner

Mark I1 program and the initiation of the Imnar Observer, the second in the Planetary Observer
series. The Mariner Mark II program begins with the technically mature Comet Rendezvous Asteroid

Flyby, followed by the Cassini mission to Saturn and Titan; both are missions that allow us to

maintain leadership in outer solar system exploration. In addition, major increases in research and

analysis funding, especially to equip laboratories, are anticipated. Another element of the

strategy is the development of Earth-orbital planetary facilities.

_he program also plans to take advantage of the Hubble Space Telescope in the near term as

well as using the Space Station over the longer term. The Cosmic Dust Collection Facility will be

among the first Space Station-attached payloads. Earth-orbital facilities (e.g., Astrometric Telescope

Facility, Circumstelhtr Imaging Telescope) will also be used in the search fl)r extra-solar planetary

systems over a decade's time. Where practicable, the program will seek to collaborate with other
spacefarinlz nations to gain increased program content at advantageous cost.

_ur current and future phms now place a high priority on launch and mission risk reduction; we

have begun a policy of acquiring spare subsystems to enable rapid chan_eout (luring development

testin_ to protecl hu,nch windows and we are designing and spacing future missions to provide the

maximum possible backul) tor missions now under development. One example of this new approach

is the purchase of spare components for the Mars Observer mission, in order to insure the timely
launch of that mission and to initiate subsequent Planetary Observer missions.

ADVISORY COMMITTEES AND RELEVANT REPORTS

Committee on Phmetary and Lunar Exploration

Space Science Board

National Academy of Sciences
National Research Council

Stralet_l [or Exph_ralion o.[ the In her Planets: 1977-198 7 (1978).

Strate gtt/'or Exploration of Primitir.e Solar-S!istem Bodies--Asteroids, Comets and Meteoroids:

1980-1990 (1980).

A Strate¢_!I ](n" Exploration Of the Outer Planets, 1986-1996 (1986).

Adt_anced Instrumentation for Planetam.! Exploration (in press).

A Stroteg_.! �or the Detection _)[ Extra-Solar Planetamj Material (tarl_et availability, 1988).

Joint Workin_ Group- NAS/ESF
National Research Council

Beport 01 the _\)_S /ESF Joint Working Group: A Strategy for U.S./European Coot)eration in

Planetar!l Exploration (1986).

Solar System Exploration Committee

NASA Advisory Council

Planetar!l Exl)loration through _r_,ar 2000: Part One: A Core Program (198S).

Planetar!l Exploration through Year 2000: Part Tu:o: An Augmented ProL_ram (1986).
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Space Physics

!__ pace physics involves scienlific invesliv, ations into the origin, evolution, and interactions of

space t)lasmas in a ,,vide variety of astrophysical seltin_,s. The _oal of the disciplirte, endorsed I)y
the Committee on Solar and Space Physics of the National Academy of Sciences, is to advance

knowledae el:

The ionosphere and magnetosphere of the Earth and other planets, as well as the heliosphere, in their

quiet (steady state) as well as dynamic configurations,

The Sun, both as a star and as the dominant source of energy, plasma, and energetic particles in

the solar system,

The acceleration, transport, and propagation of energetic particles that originate both within the solar

system and outside it (i.e., solar and galactic cosmic rays).

::;"_- easure,nents of space plasnm systems and plasma processes are obtained by probes situated

within tile i)[asma systems, such :is a ma_,netosphere or the heliosphere; by remote sensing of

regions not directly accessible to probes, such as the sohtr surface, and of regions requiring a _zlobal

view, such as the Earth's auroral zone; and by cosmic ray probina of extra-sola," system phenomena.

These measuremenls :ire complemented 1)y active plasma experimenls performed both in the labo-

ratory and in accessible space f)lasnms, such as Earth's ionosphere, aud by measurements obtained

from instruments deployed on free-flyin_z satellites, Shuttle l/ayhmds, sounding, rockets, and bal-

loons. Theory and computer simulations synthesize these measurements into a general understanding

of space physics i)henontena, includinR ,g,eospace, stdar'l)hmetary interactions, the solar system,
and the chemical evolution of tile g:tlaxv.

CURRENT SITUATION

t/acefli_ht p,og, ra,,,s sptmsored by OSSA and t'oreign space a_e,lcies have provided opl,of

tunities for the initial reccmnaissance of a xariety of l)hmetary atmosl)heres, ionosl)heres, and

magnetosl)heres, the hetiospheric re,zion, and the layers of tile solar atmosphere. Measurements

from lids survey, which is now nearly complete, haxe been made m_er wide ranges of wavelen_zth,
energ, y, and field strenath. They have led to the identification and chtssification of many plasnm

phenomena and to some understanding of cause and effect relationshil)s.

urrenlly, five spacecralt are collectina valuable scientific information about the Sun, the'

interplanetary medium and the cosmic rays penetrating, this metli_ml, geospace, and Sun-Earth

interactions. These satellites, all SUl)ported by the continuing Mission Operations and Data

Analysis t)ud_el, are the Solar Maximum Mission, International Cometary Explorer, Interl)hmeh_ry

Monitorin_ Platform, Charge (_omposition Explorer, and l)>namics Explorer.

!_Jhe launch of Ulysses, which will study the heliosphere oul of the ecliptic plane, is planned

tor 1990. Moderate missions in development include tile Comhined Release and Radiation Effects

Satellite, scheduled for htunch in 1990, to provide mappin_z of the radiation belts during solar

maximum and to analyze ionospllere/magnetosphere chemistry throuah numerous chemical releases.

The Tethered Satellite System with a diagnostic satellite tethered _t_ the end of a 20-kilometer

eonductina wire is I)hmned t_)r a 1991 Space Shuttle mission to invesli_zate electrodynamic plasnm

effects at induced _olta_es of about 5 kilovolts. Further detailed measurements of the Sun are

planned with the Spartan-201 white liff,ht coronagraph and UV coronal spectrometer in 1991)-1991

and, cooperatively wilh the Japanese, the Solar-A soft and hard solar X-ray measurements.

i_he International Solar Terrestrial Physics (ISTP) program is the next major flighl program.

It encompasses the Global (;eospace Science program, which includes the NASA Wind and Polar

satellites and the Japanese Ceotail mission. The Wind and Polar spacecraft will, in combination



1 9 8 8 S T FI A T F 13 I E P L A N

with (;eotail, investi_,ate _eospace as a system. Another element of the ISTP l)r()_rmn is tile Collah-

orative Solar Terrestrial Research Prod, ram, which includes the Solar and lleliospheric Observatory

and Cluster missions, conducted jointly with the European Space Agency.

_ASA has previously maintaine(I a lea(lership role in the conduct of space physics research,

albeit with significant SUl)port from international partners. It is increasingly becomin_ the case,

however, that European, Japanese, and U.S.S.R. scientists have comparable capabilities. The U.S.

space physics community is currently t)enefitinR from an unprecedented level of international

cooperatitm, which will alh)w the collahorative accomplishment of scientific objectives unattainat)le

by any individual nalional organization.

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

_he highest priority major mission for SlmCe physics is the Solar Probe, which will be

hunmnity's first direct exploratory venture to the vicinity of the Sun. This mission offers a unique
opportunity for leadershil) in this area; I)ecause of this and also hecause of its significant scien-

tific t)enefit, the Solar Probe has been strongly endorsed hy the scientific community.

_he hi,_hest priority moderate mission for space physics is the High-Resolution Solar

()bservatory, a scientific platform for perMrming investigations of the Sun',,; fine-scale magnetic

structures. This program is unusually mature in terms of hardware definition, and the provision of

fundin_ for its construction "rod implementation is critical.

ther programs, such as Sl)ace Station-attached payloads and Explorer missions, such as the

Advanced Composition Explorer, with SUl)port from rocket and halloon programs and theory and

analysis I)roRrams, can also fulfill many space physics objectives.

_s we move heyond the siml)le rec(mnaissance of various space l)lasma l)henomena, the support

of in-depth data analysis and sophisticated theory building becomes increasingly important. The

research and analysis l)u(l_,et needs to be augmented in advance of flight missions to provide _,uid-

ance in terms of instrument selection and to support science operations. Data analysis hud_ets need
to track the flight operations budgets to ensure a commensurate research effort. Because of the

increasin_ movement within the field from simple data collection into synthesis and model building,

we anticipate a need for enhanced supporl of theory activities over the next five years.

ADVISORY COMMITTEES AND RELEVANT REPORTS

(:ommittee on Solar and Space Physics

Space Science Board

National Academy of Sciences
National Research Council

Solar-S!tstem Space Ph!Isics in the 1980s: A Research Strategy! (1980).

An International Discussion on Research in Solar and Space Physics (1983).

A Strateff,q for the Explorer Pro,_ram for Solar and Space Physics (1984).

Space Ph!lsics: An Iml_lemenlation Plan for Priorities in Solar S!Istem Space Ph!tsics (1985).

Joint I)ata Panel of the Committee on Solar-Terrestrial Research

Space Science Board
National Research Council

Solar-Terresldal Data Access, Distribution, and Architffng (1984).

Panels of the Slmce Science Board
National Research Council

7"he Ph!tsics 0t the Sun (1985).



OFFICE OF SPACE SCIENCE AND APPLICATIONS

Earth Science and Applications

*_* lie nverarchin_ _,oal of Earth science and applications has been succinctly formulated by tile

Earth System Sciences Committee of the NASA Advisory Council, and is as follows:

Obtain a scientific understanding of the entire Earth System on a global scale by describing how its

component parts and their interactions have evolved, how they function, and how they may be

expected to continue to evolve on all time scales.

_hus, it is necessary 1o eslab]ish g,lobal observations and studies directed at understanding the

respnnsible physical, chemical, and bioloKical processes that operate to unify the Earth environ-
ment as a system. To model the Earth and predict the fult,re course of the environment, Earth

science and applications must document the changes that are occurring now or will occur in this

system over comin_ decades. The challenge to Earth science is to develop tim capahility to predict

lhose chanls, es that will occur .n lime scales of decades to centuries, whether they derive from

natural causes or are linked to human activity.

lie discipline supporls lhe development and use of quantitative models of elements of the

Earth system that can be used to anticipate, for example, future global trends in climate, Earth

resources, and ocean productivity. The development of research and operational sensors ensures

that continuing data sots can be derived, assessed, and (where approl)riate) transferred into the private
sector or to other federal agencies. Supporting both research and development is the formation of

a data and information system through which scientists and operational users can assemble the
information essentktl for research and for effectixe environinental decision-nlaking. Lolaa-term

relialiiliiy, availability, and c'onsislency in dala sets are critical to research, operational, and commercial

users of remote sensing,.

CURRENT SITUATION

raditionally, the Earth science disciplines have advanced through studies of the individual

components: interior, crust, I)i.sphere, oceans and ice cover, atmosphere, and ionosphere. Recent

research has clearly dellionstraled that land, atmospheric, ionospheric, oceanic, and biosl)heric pro-
cesses are strongly coupled. To understand our environment, and ultimately to predict Klobal chanze

induced either naturally or I)y human activity, it is important 1o study the Earth ;is a single coupled

system, :is well as to answer questions arisinK in such separate disciplines ;is ecolol_y, hiolol4y,

meteorology, hydrolog), lzeolcl_y, oceano/zraphy, and atmospheric chemistry. The Upper Atlnost)here

Research Satellite, which will study the chemistry and dynamics of the stratosphere and meso-

sphere: TOPEX (the Ocean Topography Experinient), which will map the tzlobal circulation of the

oceans; and the Earth Radiation Budlzet Experiment c_mq)rise major steps forward in some of
these areas.

C(_ n the mid-1990s, we expect to t)etain having access to a ne','¢ lLeneralion of advanced polar

i

phitforms, which will t_really extend our research capahilities hec'ause they will SUpl)orl all expanded
set of co-located inslrunienls. The opportuIdty to service, niodify, alld replace instrunienls in orhit

should make it possible to Stlslaili consistent, unit:ormly calibrated, lon_,-term measurements.

_; e are currently studying the Earth Ohservinl_ Systeni, Io he carried out in conjunction with

the National Oceanic and Atmospheric Administration's operational program on the Space Station Polar

Platforms. This system will, for the first lime, allow us to acquire the lonl_-term, self-consistent data

sets needed for understandint4 and predictint{ glohal change. The planned Earth Ohserving System

instrument colnl)lement has been extensively discussed with wnrkinlz groups of the Earth System
Sciences Cnnmdttee and was tound to meet the anticipated requirements of Earth System Science in

the 1990s.
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he Announcement of Opportunity for the Earth Ohserving System was released in mid-January

1988. Concurrent with this release, the European Space A_ency and the Science and Technology

A_ency of Japan have released coordinated announcements soliciting payload development tk)r the

European Polar Platform and the Japanese instruments on the NASA Space Station platform.
Instrun_ents to fly as ;tttached payloatls on the manned Space Station are also 1)ein_ solicited hy this

Announcement of Opportunity.

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

_he Earth Ot)servin_¢ System represents a nmjor element in the U.S. contribution to the

International Ceosphere-Biosphere Program. The Earth System Sciences Committee has stated that

the Earth ()t)servin_z System is the centerpiece of its stratelzy for NASA. The Earth Observing

System provides a context within which to promote the more fncused research projects that are

necessary to maintain program vitality.

_issions such as the proposed Mesosphere and Lower Thermosphere Explorer, and a dedicated

series of small missions, called Earth probes, which are of a class similar to the missions of the

Explorer prngram, would provide a complement to the observations carried out by the Earth

Observing System. The aircraft observation program for remote sensing; of Earth has also proven

very useful, and enhancement of the fleet's capabilities and utilization is phmned.

_he foundation for large observatory missions is the direct heritage of aircraft and Shuttle

payloads development. Sustained Shuttle payload activity, such as the Atmospheric Laboratory

for Applications and Science series, needs to continue.

_arth science has always imrsued revolutionary adwmces in our ability to observe, model,

understand, and predict the ftflure of the Earth. In Earth science and applications, major technological

and intellectual hreakthroughs must I)e a part of a long-term sustained effort to consistently mea-

sure our environment. But scientific analysis and instrument development must have a traceable

heritage of successful, yet increasingly more complex implementations. To this end, it is important to

maintain continuity in all aspects of environmental observations from space and to assure that
calibration is maintained as techniques and devices improve.

ADVISORY COMMITTEES AND RELEVANT REPORTS

Committee on Earth Sciences

Space Science Board

National Academy of Sciences
Natiortal Research Council

,_ Strate t,rq/or Earth Science from Space in the 1980"s, Parl I: SolM Earth and Oceans (1982).

A Stmteg_.l for Earth Science from Space in the 1980_s, Part II: Atnmsphere and Interactions with
the Solid Earth, Oceans', and Biotu (1985).

Earth System Sciences Committee

NASA Advisory Council

Earth S_.Istem Science: A Pro_¢ram for Global Change (1986).
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Life Sciences

'_ he life scie_lces discipline is involved in all aspects (}t"NASA',,; activities in space exploration.

The program has three nmj_r _,oals, derived frtml NASA's charter and endorsed by the Committee
on Stmce Biology and Medicine of the National Academy of Sciences:

Understand the origin, et, olution, and distribution of life in the universe.

Understand the relationship between life and gravity and other planetary, properties.

Develop medical and biological systems that enable the human exploration and habitation of space.

_ he life sciences program extends from basic research to applied clinical practice. Major disci-

l)lilm_' areas of research i1/chlde operational medicine, space medicine, space biology, _lol)al biology
(I)iospherics), exol)iolo_v, and Controlled Ecological Life Support Systems.

i.'/_ ajor objectives for the' SlmCe life sciences program elements are It): understand the physiologi-

cal sociologic:d, and psychological implications of spaceflight :rod return to a gravity field: develop

appropriate medical :rod I)iore_enerative life suppt_rt technologies to enable hum:m expansion into

the solar system: tmderst:md the effects of gravity on the life cycles of alfimals and plants: charac-

terize the coml)ined effects (d' microgravity, space radiation, a]_(I el her el/vironmenta] stresses on

biologic:d systems: deter,nine how bioh)gica] and t)l;tnetary processes interact: trace the history ()f

I)iolog, ically important molec,les from synthesis 1o assimilatio, int. planetary and livin_ systems;
and tm(lertake the search for evidence of extraterrestrial life.

!_ he life sciences prt)gran, c(m, bines Earth-b:tsed lal)oratory ,esc_arch with on-,,rl)i! b:tsic and

applied research on :t variety of mfintal and p]anl species, as well its hunaan bein_,s. This research

must use statisticall5 _si_,dticanl numbers of suitable species with c,xperiment replication for data

verification and precise conlrol of the prim:_ry variable. Experimental exposure of subjects for sig-

nificant portions of indixidu,I life span or multiple g,enerations is a requirement of such research.

The exobiology and I)it_spherics elements t)t' the life sciences I)roarar_/use planetary exploration

spacecraft and E_lrth observing satellites, i, addition to ground-based sludies, to understand the

processes that led to the origin of life, and 1o study the continuing: reactions between planetary
environments ;rod life. The E:trth-based research in ctmducted in NASA laboratories and in extra-

mural programs centered tm tufiversity-based individtml Priucip:tl h_vestigators and Centers of
|_.esearch Excellence.

CURRENT SITUATION

}_ ec*entlv, the individual elements of the life sciences program have been closely examined by

external review panels, and long-term strategic plans for life sciences programs are being developed
by a speciad committee t_t the NASA Advisory Coctncil. hnl)lemenhttio,-t of recommend_ttions made
by these panels has been initialed.

_he life sciences i)ro_ram has depended upon intern;dional cooperation to meet several of

its objectives Isuch as Primate Research facilities and tmmannetl I)iological satellites)and has devel-

oped active working relationships with Japan, West Germ:my, France, Canada, the European
Space Agency, and the U.S.S.R.

i_ hile the U.S.S.R. has captured world headlines wilh length.,, n,anned missions and has accumu-

lated c(msiderable operational experience itl long-duration re'tuned spaceflig, ht, the actttal levels of
biomedical and Ifiological research data generated from these missions have been limited. The life

sciences program in t)uilding from a data net established during, the Skylab era and SUl)plemel_ted
with ol)servations performed dttring the "24 sttccessful Space Shuttle flights. Planned Spacelab and

Space Station research activities will firmly maintai, the leadership of the U.S. program.
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STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

_he Space Station offers a uni(tue ol)portmlily for tile development of leadership in life sciences

research. The on-orbit Space Station facilities would initially focus on basic biomedical research to

understand the various mechanisms responsible in adaptation to weightlessness and the F,hysioh)_,i-

cal problems encountered upon return m Earth. To meet A_ency operational objectives, an extended-
duration ,.:rew cerlificalion pro,_ram extemlin_ crew stay limos to six months or more on the Space

Station will c.mc_mllmSSa profmml l(:, enhance physiological countermeasures, makin_ tl_ese counter-

measures fully operational. On-orbit artificial gravity centrifuges will enable small animal and phmt

research subject control, initiation of variable-gravity studies, and an opp_wlunity to test artificial

_,ravity its a possil)le countermeasure for human l)hysiolo_ica] deconditioninff, durin_ ]onff-duration

spac.efli_.hl. Space Station facilities will also serve to c(mfirm the feasibility of eslablishin_ a fully
biore_enerative life supp_)rl system for use on future hmar or Mars base operati_ms.

ifusat, an autonom(ms free-flyintz I)iosatellite pr()_ram capable of 20 to 40 days duration, is being,

studied as a comt)h'menl to tile conlimfinff, Spacelal) series and the space biolo_,y facilities on the

Space Station. This combinatilm will result in the elaboration of a rigorous proff.ram of basic biologi-
cal science to be matched with optimum flight capability. Further, life sciences will carry out

fundamental research in exoliioloff, y and l)iosl)herics, also utilizinK the Space Station its well as the

Earth ()t)serving System, the (;reat ()l)servalories, and solar system explorationmissions.
i

ask' research on the I)]obh, mls concerning, human health, safely, and f)v.rl'ormance must con-
tinue wilh an au_menled base, both on the lzround an(t in space, lmpro_in_ the intramural and

extramural base in fundamental t)asic research is als() essential. By estal)lishin_, a dual system of

indet)endenl Prin(:il)al Investig, at()r _rants and critical mass teams t'ocusin_ on special topic:s or facili-

ties both inside and outside NASA laboratories and in cooperation witll the National Institutes of

I lealth, the science manag, en]ent infrastructure will be iml)roved.

ADVISORY COMMITTEES AND RELEVANT REPORTS

(iommilIee (m SIm('e Bioh)_y and Medicine

Space Science Board

National Aca(lemy of Sciences
Nat ional Research (;ou ncil

l,ifi" Be!ymd l/w l£mtll } Em'ironment- The Biolo_tt of Living Or,ganisms in Space (1979).

A Slmte<!l t}n" NlmCe Bi_flog_l mul ,_,h,dic{fl Science f_r lhe 1980s (rod 1990s(1987).

Commitlee on Phmetary Biology and Chemical Evolution

Space Science B_mrd

National Academy of Sciences
Naliona[ t/esearch (i_)uncil

()rigin m_d l'h',lutirm _/ Lift'-lmplicalion for the Planets: A Scienli/_c Slralc_,r]/ for the 1980s (1981 ).

Plam'tm'!l Bird(Jg!l and Ctwmk:_tl Erolution: Pro,_ress (rod Future Directim_s (taraet availal)ility, 1988).

(ionlmillee ()li Planetary Biology

Space Science Board

Nal ional Academy of Sciences
National l/escarch (:ounci]

l{em_fl<+ ,S'm_,s'i.u.t4 of �lie Bi_,,sptuer<, ( 198(51.

l,ife Scienc('s Slralegi/: Phmnina Study Conllnillee
NASA Adxisorv ('.ouncil

r ,lgxybm'n4, l/iv/,icht_ ['ntvr,rs¢ (in i)ressL

i



OFFICE OF SPACE SCIENCE AND APPLICATIONS

Microgravity Science and Applications

he micro_,ravity science and applications program fosters Ihe (levelopment of near-Earth st)ace

as a national resource by exploitin_ microgravity and other unique attributes thai may be attained

in an orbiting spacecraft. The goals of the prog,ranl are to:

Advance understanding of the jundamental science that governs processes on Earth, in the solar

system, and in the universe.

Increase understanding of the influence of gravity on Earth-based processes, leading to better control

strategies to improve such processes.

Pursue limited production of exotic high-value materials with enhanced properties to serve as benchmarks

for comparison with Earth-based technologies or for highly specialized applications.

Evolve processes for the eventual commercial production of certain high value-added products in space.

Explore the posmbility of processing extraterrestrial materials.

_(_ achieve these g,oals, it is necessary to develot_ the requisite infrastructure to facilitate

the efficienl use of the near-Earth space enviromnenI l)yresearchers from the acadeinic community
and industry.

_he elements of the micro_,ravily science and al)l)licali(ms program are: (1) fundamental

sciences, which includes Ihe shtdy of the behavior of fluids and of transport phenomena in micro_ravity,
and experiments that use the enhanced measurement precision possible in microg,ravity to measure

physical properties and to challeng,e contemporary theories of relativity and condensed matter phys-

ics; ('2) materials science, which includes the processing, of electronic and photonic materials, of
metals, alloys, and composites, of _]asses and ceramics, and of polymers, to obtain a better under-

standing of the role of gravity-induced effects in the processing, of such materials with the goal of
effecting better control strategies here on Earth: and (:3) hiotechnoloay, which primarily studies the

growth of protein crystals and the developnaent of separation techniqt,es for hiological materials.

CURRENT SITUATION

_ urrently, the microgravity flight prog,ram uses three different capabilities of the Space Shuttle

system t()r accommodation of flight experiments: the urbiter mid-deck, the Materials Science Labo-

ratory, and the Spacelab. Although the g,eneral public and the Congress are very, interested in the

scientific, technological, and commercial potential of the st)ace environment, past budRets, priori-

ties, and flight opportunities have severely, restricted the microaravity prod,ram. Renewed emphasis
within NASA and competition from foreign g,overnment-supported prog,rarns challenge us to

aggressively pursue develol)ment of the space environment its a national resource.

Q number of recent NASA-st)onsored prog,ram reviews have argued vigorously for an expanded

g,round-based prog,ram, a souudinK rocket prog,ram, and the developmeid of hardware that can he

readily adapted to various phttforms, includina the Spacelab, commercially developed space facili-

ties, the Space Station, and l)Ossible free-flyers. In addition, OSSA has been charged with supporting
user hardware (le_eh)pnlent and with balancing, flight manifesting, priorities for both academic
and industrial researchers.

_he delay in the flight 1)roaram resulting from the Challeng,er accident has allowed us to

restructure the microg,ravity prog,ram. Much of the old hardware that had been adopted from the pre-

Shuttle sounding: rocket program has heen retired and new hardware developnlent has heen initiated.

The ftig,ht program has been thoroughly reviewed to prioritize the highest quality experiments. The
most etficient and effective use of limited flight opl)ortunities will be assured by coordinating,

flight manifest priorities with the development of slate-of-the-art l'lig,ht hardware that can be adapted

to the availahle space l)tatforms.



1 9 8 8 S T R A T E G I 13 P L A N

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

:_q he fulure centerpiece for micro_ravity science and applications is the Space Station, which will

serve its a national micro_,ravity laboratory. For the first time, we V'.rillbe able to conduct experi-

ments in an interactive mode and feed the results of one set of experiments into the next set in a

timely manner. Also fi_r the first time, adequate power will be availahle to support materials science
experiments involvin_ high temperature and the growth of large diameter crystals.

U.
urine, the next 10 years, we ,,viii see the transition of microRravity science and applicatit)ns

research from the Space Shuttle to the Space Station. Durin_ that time, the program will evolve through

the use of Spacelat) to the full utilization of the Space Station. We are initiating a new series

of Spacelab flights to rt;_ain the U.S. competitive advantage in micro_ravity and to evaluate Space

Station har(lware concepts, alternatinz, U.S. microgravity lal)oratory flights with international

micro_ravity lahoratory fli_,hts. In addition, our strategy is designed to take maximum advanta_,e

of the benefits associated with the use of commercially developed space facilities, should they
bec_mle availahle.

_hilc Si)acelah conti,ues Io present ol)portunities to conduct and refine Space Station

capahililies, the Space Station itself will dominate the future of micro_ravity science. A ten-year

stratez, ic plan has been fornaulated tu _uide our evolutionary developnaent of its use. A strate{_ic

plannin_¢ hoard for micro,u, ravity materials science should be established to continue to evaluate

and improve this plan.

Oo delineate the potential advantages and limitations of the space environment, a fundamental

requirement is the estahlishment of a data base that is both relevant and accessible to the user

community. Furthermore, that user community should he expanded to inchtde researchers spon-

sored t)y industry and other Government agencies; this ensures a broader perspective and enhances

the quality and reliability of results. The expansion of the ground-based research program would

also increase the base of information for a high-quality scientific program.

ADVISORY COMMITTEES AND RELEVANT REPORTS

Subcommittee on Microg.ravity Science, Applications, and Commercialization

Space Applications Advisory Committee
NASA Advisory Council

(Jerler_tl Program Het_ieu, and l_e¢:ommendathms Regarding the Microgracfly Centers (1987).

Microgravity Materials Science Assessment Task Force

NASA tteadquarters

,Vlicro_ra,_ity Materials Scier_ce Assessmerlt T¢_sk Force Finul Report (1987).

Micro_zravity Science and Applications Review Committee

Universities Space Research Association

lCevh, w el Mic'rogruril_l Science and Appl&ations Programs, ]cmuaml-March 198 7 (1987).
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Communications and Information Systems °

he communications research prngranl focuses on developing the high-risk microwave, optical,

and digital teclmolo_ies needed In increase the capacity, flexibility, and interconnectivity of future

space conm)unications systems. The goal of the program is to:

Maintain United States technological and economic preeminence in space communications and to enable

innovative services in support of the satellite communications industry, NASA's needs, and the needs

of the public sector.

he prngram ix structured around the development of advanced lechnology to more eftoct|rely

use frequencies and the geosynchronous orbit. This research reduces adoptive risk by industry and

improves its conapetitive posture in the world marketplace. The use of sophisticated commt, nica-

tions teclmology also enables new scientific advancement through extremely efficient wideband
space communications. Scientific advancement, in turn, enables ,nd enhances future near-Earth

and space exploration missions. The cnmnnmications I)ro_ram also develops positions and supl)orls
U.S. and NASA interesls in international and domestic commtmic:flions regulatory t_)rums. The

program uses NASA_ res(_urces In provide consultation, pertorm system studies, and plan and

conduct space experime]ds in SUl)l)ort of other Government agenciv, s.

CURRENT SITUATION

K_ llhouKh tile U.S. has enjoyed leadership in the salellite communications area for several

decades, the increased activities of other nations are now clmllen_in_ this leadership. The Japanese

and the Europeans, in particular, have mounted a,_ressive caml)ai_ns to achieve excellence in
the communications industry.

':_ he Advanced (3omn_tmications TechnoloKy Satellite program is the centerpiece of our activities

in support of U.S. industry. The s_stem includes revohfli(mar.v leclmolo_,ies that will lay the totnlda-

tion for the next _enerati.n of commercial service. Tile steerable and spot beam antennas, to_ether

with ol/-t)()ard processing, pr(J_i(te full net_,vorking flexibilily thr.u_h.ut the hemisphere alld

pro_ide the capability for hizh bit rate cornmuniccdions to small terndnals.

_iAIISAT, tile Satellite-Aided Search and Rescue progrtml, has :tlready been credited with sav-

ing over 1,000 lives. The program is a joint effort of NASA, the N_ti(mal Oceanic and Atmospheric
Administration, the (;_mst Guard, and the Air Force. NASA is responsible for research and develop-
ment activities. Five satellites art, now in service, two from the t!.S. and three from the U.S.S.R.

A third LJ.S. satellite is to be placed in orbit in the sprin_, of lt)SS. The current SARSAT zround

system consists of six mission ctmlrol centers in the U.S., Canada, France, Norway, Ihe U.S.S.R.,

and Creat Britain. Fourleen local user terminals will be in opera|toll by the end of the second

quarter of 1988. During 1988, an experiment using geostationary s_ttellites to provide for more

ne,rlv instant alertin_ and |dent|fie|ilion will be performed. Eft'errs ir_ the coming year will continue

to improve the location accuracy of the systet]l, and to reduce false ;.tJ_lrt]ls and the cost: perfornmnce
ratio of emer_,ency be:tc<H]s.

?_; he ()ptical Communicati.ns t>ro_ram has as its focus the flight testin_ of systems to support

future NASA missions as well as tile space demonstration of this technolo_,y It) reduce its adoptive
tisl_ I)y the American space c(,nHnunications industry. This teclan<>lo_y will both enhance and enable

new science thr<)ugh increased data gathering, transceivin_., and processin_ capability. For example,

optical conm+unications, with the advantaKes <ff untttilized sl)ectrum :tnd virtually unlimited bandwidth,
will etmble the enl'lancement of both near-Earth and deep st)ace exploration missions through the

°The disct_ssi(m of hdorm:flion S._ stems _)g t_c_ found e:_rlier it, Ibis d.cumcmt: oHly (;_mmtmic:dicms are discussed httrt*.
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rise of telepresence and, therefore, telescience. In addition, operating ill the optical sl)ectrtun, with

its inherently narrow beams and lack ot: radio frequency interference, makes it an ideal communi-

cations technology for use in regions of high density radio frequency communications such as Space

Station. The Optical Communications Program will develop the technology to a nlature operational

sla|tlS alld will SUl)port its adoption by the space communications community.

obile satellile activities that are being undertaken in close coordination with industry are

progressing well, with essentMly all of the technology developments scheduled for completion by

lhe end of 1988; some of this hardware is now undergoing field testing. We will also be investigat-

ing lhe tbasibility of a flight experiment to validate the large, nmltil)eam anlenna technology needed
for future mobile and personal communications satellite services. Such an endeavor has been

stronzly supported by industry and could I)e carried out in conjunction with the Space Station.

A major g.vernment-industry conference for facilitating the transfer of technology is scheduled

for May 1988.

_his prograna, inchlcling, the effort to obtain operational frequencies, has served as a focal point

to accelerate the introduction of mobile satellite service in the U.S. A single private consortitnn has

now been formed and is currently preparing a filing to the Federal Communications Connnission to

provide mobile satellite service in the U.S. Licensing approval to own and operate such a system

could be g,ranted within months with satellite launch in the early 1990s.

STRATEGY TO BE PURSUED FOR NEXT 5-10 YEARS

_¢mmnmications research will continue to focus on developing the high-risk microwave, optical,

and ¢tizital technologies needed to increase the capacity, flexibility, and interc(mnectivity of future

space commtmications systctns. These developments, building on the Advanced Conmmnications
Technology Salellite and mobile satellite technologies, will enable future satellite conmmnicalion

systems to provide hig,h capacily informatitm services at lower costs to smaller terlninals for both

fixed and mobile commercial anti scientific applications. In addition, we plan to expand our optical
link developments that have the polential to g,reatly increase the rate of infi_rnaalion thal can be

returned from deep space missions, an(1 to interconnect commercial satellite systems.

Q ersonal access communications is a candidate area for the strategic plan. This technology

extends mobile c(mnnunication to its ultimate torm, i.e., direct to the person two-way data and

voice communicati(ms, using a very low-cost hand-held transceiver. The iml)lementation of this

technology depen(ls heavily on the development and checkout of electrically large spacecraft

antennas. Antennas of Ihis type wot, ld use the Space Stati(m as a staging base for deployment
and checkout before placing them in final orl)il.

_he ong.oin_ Search and Rescue I)rog, ram will I)e evaluated to determine techniques for

improving accuracy, decreasing false alarm rates, and making the service avaiM)le to a broader
spectrum of users.



O F F I C E O F S P A C E S C t E N C E A N B A P P L I C A T I O N S

ADVISORY COMMITTEES AND RELEVANT REPORTS

Conmnmication.'¢ Subcommittee of the Space Applications Advisory Committee

NASA Advisory Council

Commum;catiotls Satellites: Guidelines lbr a Strategic PAre (1987 _.

ConHnittee on Data ManaRement and (:oml)utation

Space Science Board

National .,,\cadenly of Sciences

National Fiesc'arch Council

Date* A,l_magement and C,mqmlatiml-- Volume I: Issues amt l{¢,commenctations (1982).

ls,'me,s .rid t{e('ommet.lation,s' Assoc'iuted with Distrihuted Comlmlatiorz cmd D(aa Mamlgemez_t

Sgstems /or the Sl_C_c:("Sc/eru'cs (1986).

Space Applications Board

National B.esearch Council

NASA Sp¢tcc Cotmmzniccai(ms l?esearch and De_'elopment: Issues. 1)(,ri_'ed Benefits, and Future

Pro tcrams (in press).


